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Autism Spectrum Disorders (ASDs) are early onset neurodevelopmental disorders characterized 
by the co-occurrence of impairments in social reciprocity and communication, accompanied by a 
rigid and repetitive pattern of interests and activities. The disorder has a high heritability, but insight in 
the aetiology is still limited, mainly due to considerable heterogeneity between individuals with ASD. 
This large heterogeneity stimulates the search for ‘endophenotypes’ that allow us to delineate more 
homogeneous subgroups. Endophenotypes are phenotypes that are more proximal to the biological 
??????????????????????????????????????????????????????????????????????????????????????????????????
the same genes that confer susceptibility to the condition. In other words, they are intermediate 
phenotypes that mediate the relationship between genotype and behavioural traits of the disorder. 
Additionally, endophenotypes are supposed to be ‘biomarkers’ that are less genetically complex than 
the disorder they underlie. Therefore, endophenotypes may be particularly useful for understanding 
the aetiology of complex disorders, such as ASD and to unravel biological pathways from genes to 
behavioural characteristics of the disorder.
Neurocognitive characteristics are potentially interesting ASD endophenotypes, since they 
provide a crucial interface between brain and behaviour. This project focusses on two dominant 
neurocognitive accounts for ASD: 1) the Executive Functioning (EF) theory and 2) the Weak Central 
Coherence account of alterations in local-global processing in individuals with ASD.
The general aim of this dissertation is to assess which aspects of EF and local-global visual 
processing provide good endophenotype candidates for ASD. In view of the problematic validity of 
???????????????????????????????????????? ?????????????????????????????neurocognitive battery aimed 
??? ????????????????? ??????????????????????? ??????????????????????????????????????????????????????
???????? ????? ????????????????????? ??????????????????????????????????????????????????? ????????????
local versus global visual processing abilities and visual processing style.
Good ASD endophenotypes have to meet several criteria, of which two are addressed here, 
namely: they should ????????????????????????????????????????????????????????????????????????????
degree relatives of probands with ASD than in the general population. To evaluate these criteria, the 
???????????????????????????????????????? ??????? ?????????????????????????????? ?????? ????????????
relatives and Typically Developing (TD) controls (N = 306). When comparing individuals with ASD 
and TD individuals, we found that individuals with ASD showed impairments in all EF domains, 
????????????????????????????????? ??? ??????????? ???????? ??????????? ????????????????????????
to highly structured settings. Furthermore, they displayed a more locally oriented processing style, 
intact local processing abilities and selective global processing impairments on tasks with high 
?????????????????????????????????????????????????????????????????????????????????????? ???????????
????????????? ????????????????????? ??????????????????????? ???????? ?????????????????????????????????
impairments in daily life. For local-global visual processing, ASD relatives did show more attention to 
?????????????????????????????????????????? ?????????????????????????????? ???????????????????????? ????
controlled tasks.
??????????????????????????????????? ?????????????????????????? ????????????????????? ??????????
generativity are valuable endophenotype candidates for ASD. However, further research is needed 
??????????????????????????????????????????????????????????????????????????????????????????????????????
some remaining issues regarding phenotypic and cognitive heterogeneity and provide suggestions 
for clinical practice.
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Autismespectrumstoornissen (ASS) zijn ontwikkelingsstoornissen die gekenmerkt worden door 
beperkingen in sociale wederkerigheid en communicatie, alsook door een rigide en repetitief patroon 
van interesses en gedragingen. De stoornis is in sterke mate genetisch bepaald, maar inzicht in de 
etiologie is beperkt, met name door de aanzienlijke heterogeniteit tussen mensen met ASS. Deze 
grote heterogeniteit stimuleert de zoektocht naar ‘endofenotypes’, die ons in staat stellen om meer 
homogene subgroepen af te lijnen. Endofenotypes zijn fenotypes die dichter liggen bij de biologische 
etiologie van een klinische stoornis dan de gedragsmatige symptomen en beïnvloed worden door één 
of meerdere genen die bijdragen tot de vatbaarheid voor de stoornis. Met andere woorden, het zijn 
intermediaire fenotypes die de relatie mediëren tussen het genotype en de gedragskenmerken van de 
stoornis. Bovendien worden endofenotypes verondersteld om ‘biomarkers’ te zijn die genetisch gezien 
minder complex zijn dan de stoornis. Daardoor kunnen endofenotypes bijzonder nuttig zijn om meer 
inzicht te krijgen in de etiologie van een complexe stoornis zoals ASS en de biologische ‘pathways’ van 
genen tot gedragskenmerken.
Neurocognitieve kenmerken zijn mogelijks interessante ASS endofenotypes, aangezien ze 
een cruciale link vormen tussen hersenen en gedrag. Dit doctoraat focust op twee dominante 
neurocognitieve theorieën voor ASS: 1) de Executieve Functie (EF) theorie en 2) de Zwakke Centrale 
Coherentie theorie die wijzigingen in lokale-globale verwerking beschrijft bij mensen met ASS.
Het algemene doel van dit doctoraat is om na te gaan welke kenmerken van EF en lokale-globale 
visuele verwerking goede kandidaat-endofenotypes zijn voor ASS. Gezien de gebrekkige validiteit 
van bestaande maten voor EF en lokale-globale verwerking, hebben we eerst een neurocognitieve 
batterij ontwikkeld, gericht op het verhogen van de validiteit van die maten. Voor deze batterij werd 
???? ?????????? ? ???????? ??????? ????? ??? ????????? ????? ?????? ??????????? ???? ????????? ????????????????
werkgeheugen en planning) en tussen lokale versus globale visuele verwerkingsvaardigheden en 
visuele verwerkingsstijl.
Goede ASS endofenotypes moeten aan verschillende criteria voldoen, waarvan er twee 
hier behandeld worden, namelijk: ze moeten samen voorkomen met ASS en vaker voorkomen bij 
eerstegraads verwanten van mensen met ASS dan in de algemene populatie. Om deze criteria te 
kunnen beoordelen hebben we de neurocognitieve batterij afgenomen bij kinderen en adolescenten 
met ASS, hun eerstegraads verwanten en Typisch Ontwikkelende (TO) controles (N = 306). Als 
we mensen met ASS en TO individuen vergeleken, vonden we dat mensen met ASS beperkingen 
vertoonden in alle EF domeinen, maar de problemen waren meer uitgesproken in (en soms zelfs 
beperkt tot) ‘open-ended’ versus sterk gestructureerde settings. Bovendien vertoonden ze een meer 
lokaal gerichte verwerkingsstijl, intacte lokale verwerkingsvaardigheden en selectieve beperkingen in 
globale verwerking op taken met hoge integratieve vereisten. Hun eerstegraads verwanten deelden EF 
???????????????????????????? ????????????????????? ?????????????????????????????????? ???????????????????
???????????????????????????????????????????????? ????????????????????????????????????????????????????
we dat de ASS verwanten meer aandacht besteden aan details in het dagelijks leven, vergeleken met 
TO individuen, maar we vonden geen groepsverschillen op de meer gecontroleerde taken.
Deze bevindingen suggereren dat voornamelijk beperkingen in responsinhibitie, cognitieve 
???? ??????????????????????????????????????????? ???????????????????????????????????????????????????
is echter nodig om deze bevindingen te repliceren en om de additionele criteria voor endofenotypes 
te evalueren. Tot slot bespreken we enkele resterende knelpunten inzake fenotypische en cognitieve 
heterogeniteit en vermelden we een aantal aanknopingspunten voor de klinische praktijk.
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“Learn from yesterday, live for today, hope for tomorrow. 
The important thing is not to stop questioning.”
Albert Einstein
“The larger the island of knowledge, the longer the shoreline of wonder.”
Ralph W. Sockman
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1General introduction

General introduction 1
1. Autism spectrum disorders
1.1. Diagnostic criteria
Autism Spectrum Disorders (ASDs) are early onset neurodevelopmental 
disorders characterised by the co-occurrence of impairments in social 
reciprocity and communication, accompanied by rigid, repetitive patterns 
of behaviour, interests, or activities (American Psychiatric Association [APA], 
2000, 2013). The diagnostic criteria are described in the Diagnostic and 
Statistical Manual (DSM). During my dissertation, the transition has been 
made from the DSM-IV-TR (APA, 2000) to the DSM-5 (APA, 2013). This brought 
??????????????? ???????????????????? ????????? ?????????????? ???????????????
Firstly, in the DSM-IV-TR a distinction was made between autistic disorder, 
Asperger’s syndrome and Pervasive Developmental Disorder Not Otherwise 
????????? ??????????? ??????? ???? ?????? ????? ???????????? ???? ??????? ????
one overarching term was used, namely ASD. Throughout this dissertation, 
this overarching term will be used. Secondly, the diagnostic criteria changed 
somewhat. In the DSM-IV-TR a distinction was made between three symptom 
domains (qualitative impairments in social interaction, qualitative impairments 
in communication, and restricted, repetitive, and stereotyped patterns 
?????????????? ??????????? ????????????????????????? ??? ?????????? ????????? ????
criteria were merged, resulting in only two symptom domains. Furthermore, 
in the DSM-5 symptoms in the last domain are required for an ASD diagnosis, 
while this was not strictly necessary in the DSM-IV-TR (since in that case a 
PDD-NOS diagnosis could be given). Therefore, not all individuals that meet 
the DSM-IV-TR criteria will receive an ASD diagnosis according to the DSM-5 
(Mayes et al., 2014; Young & Rodi, 2014).
1.2. Prevalence
ASD is approximately three times more common in males than in 
females (Lai, Lombardo, & Baron-Cohen, 2014). Overall prevalence estimates 
of ASD vary widely, with a median of 0.62% and values ranging from 0.01% 
to 1.89% (Elsabbagh et al., 2012). Interestingly, the prevalence rates have 
been increasing over the last two decades (Atlattodir et al., 2014; Matson & 
Kozlowski, 2011). These increasing rates, together with the high burden of 
ASD (Knapp, Romeo, & Beecham, 2009; Sanchez-Valle et al., 2008), stress 
the need to gain insight in the aetiology of the disorder, which could lead to 
earlier detection and better treatments.
1.3. Aetiology
Several studies have indicated a strong genetic involvement in the 
aetiology of ASD (for a review, see Persico & Napolioni, 2013). First, early 
twin studies have reported very high heritability estimates, sometimes even 
exceeding 90%. However, more recent heritability estimates are lower, with 
values down to only 37%. These reduced heritability rates have been attributed 
to an increase in the diagnosis of less severe forms of ASD, that may be 
???????????? ???? ?????????????????????????? ?? ?????????? ??? ??????????????
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by environmental factors (Persica & Napolioni, 2013; Ruggeri, Sarkans, 
Schuman, & Persico, 2014). Second, family studies have demonstrated 5% 
to 8% recurrence rates of ASD within families, which corresponds to a 25- to 
40-fold increase in risk for ASD in family members compared to the general 
population (Losh, Sullivan, Trembath, & Piven, 2008). A more recent study 
has even reported a higher sibling recurrence risk of 18.7% (for a review, see 
Persico & Napolioni, 2013). Interestingly, Sandin et al. (2014) reported that the 
relative risk of developing ASD decreases with decreasing genetic relatedness 
to a family member with ASD.
Despite this strong genetic component, much of the genetic aetiology 
remains unknown. This is mainly due to the complexity and heterogeneity 
of the disorder. Two types of heterogeneity seriously hamper the delineation 
of autism susceptibility genes. Firstly, there is considerable phenotypic 
heterogeneity, meaning that each core impairment has a wide range of 
behavioural manifestations spanning a whole spectrum (Wing, 1997). In 
addition, these core impairments are often accompanied by other features 
??????? ????????? ?? ????????? ????????????? ???????????? ?????? ???? ????????????
?????????????? ??????? ?????????? ??????? ???? ?????????????? ?????????? ??????????
compulsive disorder, etc.) varying extensively between people with ASD 
(Gillberg & Fernell, 2014; Lai, Lombardo, & Baron-Cohen, 2014). Secondly, 
there is considerable genetic heterogeneity, ???????? ??????????????????????
???????????? ????????????????????????????????????????????????????????????
disorder. Persico and Napolioni (2013) provide a comprehensive overview 
of the genetic background of individuals with ASD. They report that in some 
individuals ASD is caused by a monogenic mutation, while the majority have 
a polygenic form of ASD. In the monogenic cases, ASD is either secondary 
to a known genetic or chromosomal syndrome (also referred to as syndromic 
autism), or caused by other monogenic forms (non-syndromic autism). These 
monogenic non-syndromic mutations are very rare, each accounting for 
less than 1% of the ASD population (Persico & Napolioni, 2013). However, 
???????????? ???????????? ???????????????????????? ???????????????????????
(State & Levit, 2011). Causal mutations are expected to appear de novo in 
the ASD proband, but in reality they often segregate in the family, indicating 
their variable degree of penetrance and the heterogeneous behavioural 
expression of the genotype (Persico & Napolioni, 2013; State & Levitt, 2011). 
Of all individuals with ASD, about 10% have syndromic autism, while all other 
cases have non-syndromic autism. Of these non-syndromic individuals with 
ASD, approximately 7-10% have a monogenic form and all others have a 
more complex polygenic background (Ruggeri et al., 2014). In these polygenic 
cases, a combination of gene alterations leads to the ASD phenotype. These 
????? ???????????? ???? ??????? ????????? ???????????????? ????? ?????? ??????
sizes that confer susceptibility to the condition. None of them are neither 
??????????????????????????????????????????????????????????????????????????
Another factor that adds to the etiological complexity is that characteristics of 
??????????????????????????????????????????????????????????????????????????
expression of the genotype through gene-environment interactions (Meek, 
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Lemery-Chalfant, Jahromi, & Valiente, 2013). This adds even more noise to 
the data and further troubles insight into the aetiology of the disorder.
Given the large heterogeneity, it has become increasingly accepted that 
??????????????????????????????????????????????????????????????????????????????
for genetic studies of complex disorders (Bearden & Freimer, 2006; Losh 
et al., 2008; Szatmari et al., 2007). In line with this, it has been stated that 
?????? ???????????????????????????????????????? ?????????????????????????????
underlies each of the ASD symptom domains (Ronald et al., 2006). This idea 
?????????????????????????????????????????????????????????????????????????????????
see Happé & Ronald, 2008; Happé, Ronald, & Plomin, 2006). For example, 
in the general population several individuals show isolated impairments 
??? ???? ??? ???? ???? ???????? ???????? ???? ???????????????? ??? ???? ?????????
symptom domains show a low-to-moderate correlation. Furthermore, twin 
studies have demonstrated that each component feature of ASD has a high 
heritability estimate, but they show little genetic overlap and they segregate 
independently in relatives of individuals with ASD (Losh et al., 2008). As a 
result, relatives of individuals with ASD who do not have ASD themselves, 
do show increased rates of milder expressions of ASD-characteristics (the 
so-called “broader autism phenotype”) compared to the general population 
(Piven, 1999; Piven, Palmer, Jacobi, Childress, & Arndt, 1997). So, as Happé 
et al. (2006) stated, not only ASD itself is heritable, but the individual symptom 
domains are as well.
???? ?????? ???????? ????????? ????? ??? ??? ??????? ???? ??? ??????? ???? ??? ??
diagnostic entity, but to search for more ‘genetically informative phenotypes’, 
enabling to delineate more aetiologically homogeneous ASD subgroups 
(Losh et al., 2008; Szatmari et al., 2007).
2. Endophenotypes
????????? ??? ???? ??????? ?????????????? ????????? ?????? ??? ?????????????
informative phenotypes’: component phenotypes, covariates and intermediate 
phenotypes. This research project will focus on intermediate phenotypes, 
further referred to as endophenotypes. An endophenotype is a phenotype 
that is more proximal to the biological aetiology of a clinical disorder than its 
??????????????????????????????????????????????? ???????????????????????????
confer susceptibility to the condition (Almasy & Blangero, 2001; Gottesman 
& Gould, 2003; Skuse, 2001). In other words, it mediates the relationship 
between genotype and behavioural phenotypic traits of the disorder (Szatmari 
et al., 2007). Szatmari et al. (2007) also state that ‘a number of intermediate 
phenotypes may additively generate the appearance of a DSM diagnosis’ 
(p. 583). Moreover, endophenotypes are supposed to be less phenotypically 
and genetically complex than the disorder under study. So, the idea is that a 
gene, or a combination of genes, determines an endophenotype measure and 
that a combination of endophenotypes leads to the phenotype of a disorder 
(or disease). Endophenotypes must thus lie on the pathway from genes to 
behaviour and can be neurophysiological, biochemical, endocrinological, 
neuroanatomical, neuropsychological, etc. (Lajiness-O’Neill & Menard, 
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2008). However, just because a trait can be measured quantitatively does not 
mean that it is an improvement on the categorical phenotype with which it is 
hypothesized to be associated (Bearden & Freimer, 2006). Other criteria need 
???????????????
Proposed criteria for useful and valid endophenotypes vary somewhat, 
but share several key elements. Some criteria are universally agreed, whereas 
others are more controversial (for a review, see Bearden & Freimer, 2006). 
?????? ???? ??? ?????? ???? ? ???????? ????????? ???? ??? ?????????????? ?????????
& Freimer, 2006; Doyle et al., 2005; Gottesman & Gould, 2003; Viding & 
Blakemore, 2007):
1) An endophenotype is associated with the disorder and co-occurs with the 
condition of interest in the population. This implies that an endophenotype 
occurs more commonly in individuals with the disorder than in the general 
????????????????????? ??? ????? ???? ????? ?????? ???????? ???? ?????????? ????
the condition of interest (Bearden & Freimer, 2006). The idea is that a 
combination of endophenotypes leads to the disorder’s phenotype, as 
such one particular endophenotype could be shared by several disorders. 
????????????????????????????????????????????????????????????????????????
same disorder, providing multiple routes to the same pathology (Viding & 
Blakemore, 2007).
2) An endophenotype co-segregates with the condition in families. So, 
not only traits of the disorder, but also endophenotypic characteristics 
are segregating in the family and to some degree they are expected to 
segregate together. Subsequently, an endophenotype is expressed 
???????????? ????? ??????????????????????????????????? ????? ??? ????????????
population. Family members partially share the same genes, so also 
partially the same endophenotypic traits.
3) An endophenotype is heritable.
4) An endophenotype provides a theoretically meaningful explanation for a 
symptom of the condition.
5) An endophenotype measure needs to have good psychometric properties, 
including reliability and validity.
The use of endophenotypes in genetic studies increases the 
power to detect linkage in two ways (Szatmari et al., 2007). Firstly, since 
??????????????? ???? ??????????? ??? ????? ???????? ???????????? ???? ??????
?????????????????????????????????????????????????????????????????????????????
?????? ??????????????????????????????????????????????????????????????????
The use of endophenotypes has already led to advances in identifying ASD 
susceptibility genes (Alarcon et al., 2008). However, endophenotype research 
??????????????????????????? ????????????????????????????????????????????????
and much work remains to be done exploring new endophenotypes and 
validating the endophenotype measures (Bill & Geschwind, 2009; Szatmari et 
al., 2007; Viding & Blakemore, 2007).
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3. Related terms: Biomarkers and broader autism phenotype
3.1. Biomarkers
Ruggeri et al. (2014) indicated that “all endophenotypes are also 
biomarkers, but not vice versa” (p. 1202). Biomarkers are associated with 
the disorder of interest, but are not necessarily genetically based. Therefore, 
they do not need to be heritable nor familial. For an overview of biomarkers in 
ASD, see Ruggeri et al. (2014).
3.2. Broader autism phenotype
The Broader Autism Phenotype (BAP) represents a constellation of 
behavioural characteristics that are qualitatively similar to ASD traits (but 
?????? ????????????????????????????????????????? ????????????? ???????????
(Piven, 1999; Piven et al., 1997). They are thus familial ASD-like phenotypic 
characteristics, due to shared ASD genes, whereas an endophenotype 
mediates the relation between the ASD genotype and phenotype. However, 
sometimes the term BAP is used as an overarching term for all familial ASD 
characteristics, also including endophenotypes (for a review, see Ingersoll & 
Weiner, 2014).
4. Research context
This dissertation is part of a broader interdisciplinary research project 
from the Leuven Autism Research (LAuRes) consortium. In that project, ASD 
??????????????????????????????????????????????????????????????????????????
(neuro)cognition; 3) endophenotypes: neurobiology, 4) endophenotypes: 
molecular and cellular biology, and 5) the genotype (see Figure 1). In this 
doctoral research project we investigate neurocognitive endophenotypes of 
ASD.
Figure 1. Scheme of research topics of the Leuven Autism Research consortium.
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5. Neurocognition
Neurocognitive characteristics are potentially interesting 
endophenotype candidates, because they are supposed to mediate the 
relationship between brain and behaviour (Frith, 2012; Happé & Frith, 1996; 
Hill & Frith, 2003). As such, they are more closely related to biological factors 
than pure behavioural characteristics. Over the years, various neurocognitive 
???????? ????? ??????????? ????? ????? ?????????? ???? ?? ???????? ???????? ??? ?????
Currently, three dominant neurocognitive accounts provide an explanation 
for (some of) the ASD-symptoms. These accounts are: 1) the Theory of 
Mind account (Baron-Cohen, 2001; Baron-Cohen, Leslie, & Frith, 1985), 2) 
the Executive Functioning theory (Hill, 2004; Russell, 1997), and 3) the Weak 
Central Coherence account (Frith, 1989; Happé & Booth, 2008; Happé & Frith, 
???????????????????????????????????????????? ??????????????????????? ???????????
in social cognition. The other two are non-social or domain-general accounts, 
mainly explaining the non-social ASD traits (Happé & Ronald, 2008). In this 
dissertation we will focus on the domain-general accounts.
5.1. Two neurocognitive accounts under study
5.1.1. Executive functioning theory
?????????????????????????????????????????????????? ????? ?????? ????? ???
overview, see Anderson, 2008; Goldstein, Naglieri, Princiotta, & Otero, 2014). 
In general, EF involves goal-oriented planning and regulation of thoughts and 
actions (Denckla, 1996). It is an umbrella term covering several interrelated 
but distinct higher-order cognitive functions (Miyake & Friedman, 2012). For 
the present doctoral research, we used a similar operationalization of EF as 
?????? ??????? ????? ?????????????????????????????????? ???? ????????????????
??????????????????????????????????????????????????????????????????????????
inhibition: the ability to suppress a certain behaviour or to ignore distracting 
information; (2) ???????????????????? (or set-shifting): the ability to shift between 
?????????????????? ???????????????generativity????????????????????????????? ????????
novel ideas; (4) working memory: the ability to hold certain information active 
while performing a task; and (5) planning: the ability to look ahead before 
starting to perform a task.
??? ???????? ?????? ??? ???????? ???????????? ??????????? ?????????? ?????
????????????????????????????????????????????????????????????????????????????
Tourette syndrome, depression and schizophrenia (Elliot, 2003; Hill, 2004; 
????????????????????????????
???????????????????????????????????????????????? ???????????????????
the restricted, repetitive and stereotyped patterns of behaviour and interests 
?????????????????????????????????????????????????????????????????????????????
are closely related to dysfunctions of the frontal lobes in the brain and to 
disruptions in frontostriatal connectivity (Alvarez & Emory, 2006; Anderson, 
Jacobs, & Anderson, 2008; Geurts, de Vries, & van de Bergh, 2014, Hill, 2004).
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5.1.2. Weak central coherence account
Central coherence refers to the natural tendency to process information 
globally and in context, pulling information together for higher-level meaning 
(Frith, 1989). According to Frith and Happé (1994), individuals with ASD 
have a Weak Central Coherence (WCC). On the one hand, this refers to their 
reduced tendency to globally integrate incoming information, or their reduced 
global processing. On the other hand, it refers to their enhanced attention to 
parts or details, or their increased local processing (Happé & Booth, 2008). 
Happé and Frith (2006) stress that this reduced central or global processing 
???????????????????????????????????processing style which can be overcome 
when explicit instructions are provided to focus on the global level or to 
extract meaning. For an overview of the historical origin and reformulations, 
see Happé and Booth (2008).
?????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
(Frith, 2012). According to this account, enhanced local processing explains 
their narrow interests, insistence on sameness, savant abilities, and repetitive 
behaviours, while reduced global contextual processing might induce 
hypersensitivity to sensory stimuli (Brunsdon & Happé, 2014; Frith, 2012).
????????????? ??????????????????????????????????????????????????????
basis, but alluded to poor connectivity throughout the brain (Hill & Frith, 2003). 
Enhanced local and reduced global processing in ASD are proposed to result 
from enhanced local or short-range connectivity and reduced global or long-
range connectivity respectively (Belmonte et al., 2004; Just, Cherkassky, 
Keller, & Minshew, 2004).
There are several other theories that are related to the WCC account. 
One of them is the Enhanced Perceptual Functioning theory (EPF). Similar to 
the WCC account, this EPF theory denotes that individuals with ASD have a 
more locally oriented processing style and superior (low-level) local processing 
abilities than TD individuals. However, the EPF theory does not postulate 
??????????????????????????? ???????????????? ?????????????????????????????????
global processing is optional in individuals with ASD, while it is mandatory 
for TD individuals even, when it impedes performance (Mottron, Dawson, 
Soulières, Hubert, & Burack, 2006). For an overview and brief description of 
the other theories related to the WCC account, see Happé and Frith (2006).
5.2. Problematic construct validity
???? ????? ?????????????? ?????????? ?????????? ????? ????????? ???
endophenotypes must be valid and reliable. However, both EF and central 
coherence measures have a problematic construct validity. Concerning 
EF measures, this is referred to as the “task impurity problem” (Jurado & 
?????????? ?????????????????????????????????????????????????????? ???????
already indicated that EF tasks assess many interacting EF and non-EF 
??????????? ??????????? ?????????????????????????????????????????????????????
particular task. The same is true for central coherence measures. Concerning 
these paradigms, it has been advocated that local and global processing 
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??????????????????????????????????????????????????????????????????????????
of processing should be measured separately (Booth, 2006; Happé & Booth, 
2008). However, most tasks confound both types of processing. In addition, 
central coherence tasks may also tap EF and vice versa, further indicating the 
‘molar’ nature of these tasks (Happé & Frith, 2006).
6. Objectives
The general aim of this doctoral research project was to assess which 
aspects of EF and local-global processing provide good endophenotype 
candidates of ASD?? ????? ????????? ??? ???? ??????????????????????????????????
????????????????????????????????????????????????????????????
1) Given the problematic construct validity of both types of measures, 
???? ??? ??????????????????????????????????????????????????????????????
develop a neurocognitive battery aimed at increasing the validity of 
these measures.
2) ????????????????????? ????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
individuals with ASD and Typically Developing (TD) controls, as well as 
by examining the relationship between these cognitive measures and 
behavioural ASD traits.
3) Thirdly, we addressed the second endophenotype criterion by 
investigating which characteristics of EF and local-global processing 
????????????????????????????????????????????????????????????????????????
ASD proband compared to the general population.
7. Outline of the additional chapters
In Chapters 2 and 3 we describe two newly developed/adapted 
tasks and test whether they are suitable for inclusion in our neurocognitive 
battery, by comparing the performance of children with ASD and TD children. 
In Chapter 2, we introduce a more controlled task-switching variant of the 
Wisconsin Card Sorting Test (WCST), namely the WCST – with controlled 
????? ?????????? ? ??????????? ??? ???????? ?????????? ???????????? ???Chapter 
3, we employ an eye-movement paradigm to investigate global processing 
?????????????????????????????????????????????????????????????????????? ?????????
????????????????????????????????????????????????????????????
In Chapters 4 and 5, we present our neurocognitive battery measuring 
EF and local-global processing, respectively, and we describe the results 
??? ???? ????????? ???? ??? ????????????? ????? ????????????? ???Chapter 4 we 
??????????????????????????????????????????????????????????????????????????????
generativity, working memory and planning), while in Chapter 5, both groups 
are compared on measures of local and global visual processing abilities 
and visual processing style. In both chapters we additionally investigate the 
???????????????????????????????????????????????????????????????????????
these characteristics. Furthermore, the relationship between the cognitive 
measures and behavioural ASD traits is studied.
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In Chapter 6 we investigate which cognitive characteristics are shared 
???????? ???? ????????? ???? ?????? ????? ??????? ??????????? ????? ??? ????? ???
comparing the performance of these ASD relatives with that of TD individuals 
(matched for gender, age and IQ) on those cognitive measures on which we 
?????????????????????????????????????????????????????????????????????
??? ????????????????? ?Chapter 7) we critically discuss which cognitive 
measures provide potentially useful ASD endophenotypes by evaluating all 
of the endophenotype criteria. Moreover, we address some remaining issues 
concerning phenotypic and cognitive heterogeneity, indicate limitations of 
our study, and provide suggestions for further research and clinical practice.
Chapters 2 till 5 are individual manuscripts that have already published 
(Chapters 2 and 3) or are currently under review (Chapters 4 and 5). Chapters 
may therefore partially overlap as each manuscript should be able to stand 
on its own.
8. Participants
Although a detailed description of the participant characteristics is 
????????? ??????????? ??????????????????????????????????????????? ????????????
??????????????????????????????????????????????????????????????????????????????
data collection consisted of two distinct parts.
Firstly, we tested some newly developed or adjusted tasks to optimize 
them for inclusion in the battery. The results of two of these tasks are reported 
???????????????????????????????????????????????????????????????????????????????
the WCST-WCTS (see Chapter 2) the results of a larger sample were reported. 
Secondly, after construction of the neurocognitive battery, we 
????????????? ??? ??? ???????????? ????? ?????????????? ????? ?????? ????? ???????
relatives and TD individuals (see Chapters 4-6). Thus, the participants 
???????????????????????????????????????????????????????????????????????????
degree relatives participated in the larger family study as part of the broader 
interdisciplinary research project from LAuRes (see Section 4: Research 
context).
10 General introduction
References
Alarcon, M., Abrahams, B. S., Stone, J. L., Duvall, J. A., Perederiy, J. V., Bomar, J. M., … 
Geschwind, D. H. (2008). Linkage, association, and gene-expression analyses identify 
CNTNAP2 as an autism-susceptibility gene. American Journal of Human Genetics, 82, 
150-159.
Almasy, L., & Blangero, J. (2001). Endophenotypes as quantitative risk factors for psychiatric 
disease: Rationale and study design. American Journal of Medical Genetics, 105, 42-44.
Alvarez, J. A., & Emory, E. (2006). Executive function and the frontal lobes: A meta-analytic 
review. Neuropsychology Review, 16, 17-42.
Atladottir, H. O., Gyllenberg, D., Langridge, A., Sandin, S., Hansen, S. N., Leonard, H., … Parner, 
E. T. (2014). The increasing prevalence of reported diagnoses of childhood psychiatric 
disorders: a descriptive multinational comparison. European Child and Adolescent 
Psychiatry, Epub ahead of print, retrieved september 2014, doi:10. 1007/s00787-014-
0553-8.
American Psychiatric Association. (2000). Diagnostic and Statistical Manual of Mental Disorders 
(4th ed., text revision). Washington, DC: American Psychiatric Association.
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders 
(5th ed.). Arlington, VA: American Psychiatric Publishing.
Anderson, P. J. (2008). Towards a developmental model of executive function. In V. Anderson, 
R. Jacobs, & P. J. Anderson (Eds.), Executive functions and the frontal lobes: A lifespan 
perspective (pp. 3-21). New York: Psychology Press, Taylor & Francis.
Anderson, V., Jacobs, R., & Anderson, P. J. (2008). Executive functions and the frontal lobes: A 
lifespan perspective. New York: Psychology Press, Taylor & Francis.
Baron-Cohen, S. (2001). Theory of mind in normal development and autism. Prisme, 34, 174-
183.
Baron-Cohen, S., Leslie, A. M., & Frith, U. (1985). Does the autistic child have a theory of mind? 
Cognition, 21, 37-46.
Bearden, C. E., & Freimer, N. B. (2006). Endophenotypes for psychiatric disorders: Ready for 
primetime? Trends in Genetics, 22, 306-313.
Belmonte, M. K., Allen, G., Beckel-Mitchener, A., Boulanger, L. M., Carper, R. A., & Webb, 
S. J. (2004). Autism and abnormal development of brain connectivity. The Journal of 
Neuroscience, 24, 9228-9231.
Bill, B. R., & Geschwind, D. H. (2009). Genetic advances in autism: Heterogeneity and 
convergence on shared pathways. Current Opinion in Genetics & Development, 19, 271-
278.
Booth, R. (2006). Local-global processing and cognitive style in autism spectrum disorder and 
typical development. Unpublished PhD thesis. London, UK: King’s College London.
Brunsdon, V. E. A., & Happé, F. (2014). Exploring the ‘fractionation’ of autism at the cognitive 
level. Autism, 18, 17-30.
Denckla, M. B. (1996). A theory and model of executive function: A neuropsychological 
perspective. In G.R. Lyon & N.A. Krasnegor (Eds.), Attention, memory, and executive 
function (pp. 263-277). Baltimore, MD: Paul H. Brookes.
11General introduction
Doyle, A. E., Faraone, S. V., Seidman, L. J., Willcutt, E. G., Nigg, J. T., Waldman, I. D., … 
Biederman, J. (2005). Are endophenotypes based on measures of executive functions 
useful for molecular genetic studies of ADHD? Journal of Child Psychology and 
Psychiatry, 46, 774-803.
Elliott, R. (2003). Executive functions and their disorders. British Medical Bulletin, 65, 49-59.
Elsabbagh, M., Divan, G., Koh, Y. J., Kim, Y. S., Kauchali, S., Marcin, C., … Fombonne, 
E. (2012). Global prevalence of autism and other pervasive developmental disorders. 
Autism Research, 5, 160–179.
Frith, U. (1989). Autism: Explaining the enigma. Oxford, UK: Blackwell.
Frith, U. (2012). Why we need cognitive explanations of autism. The Quarterly Journal of 
Experimental Psychology, 65, 2073-2092.
Frith, U., & Happé, F. (1994). Autism: Beyond theory of mind. Cognition, 50, 115-132.
Geurts, H. M., de Vries, M., & van den Bergh, S. F. W. M. (2014). Executive functioning theory 
and autism. In S. Goldstein & J. A. Naglieri (Eds.), Handbook of Executive Functioning 
(pp. 121 - 141). New York: Springer.
Gillberg, C., & Fernell, E. (2014). Autism plus versus autism pure. Journal of Autism and 
Developmental Disorders, Epub ahead of print, retrieved October 2014, doi:10.1007/
s10803-014-2163-1.
Goldstein, S., Naglieri, J. A., Princiotta, D., & Otero, T. M. (2014). Introduction: A history of 
executive functioning as a theoretical and clinical construct. In S. Goldstein & J. A. 
Naglieri (Eds.), Handbook of Executive Functioning (pp. 1 - 12). New York: Springer.
Gottesman, I. I., & Gould, T. D. (2003). The endophenotype concept in psychiatry: Etymology 
and strategic intentions. American Journal of Psychiatry, 160, 636-645.
Happé, F. G. L., & Booth, R. D. L. (2008). The power of the positive. Revisiting weak coherence 
in autism spectrum disorders. Quarterly Journal of Experimental Psychology, 61, 50-
63.
Happé, F., & Frith, U. (1996). The neuropsychology of autism. Brain, 119, 1377-1400.
Happé, F., & Frith, U. (2006). The weak coherence account : Detail-focussed cognitive style in 
autism spectrum disorders. Journal of Autism and Developmental Disorders, 36,5-25.
Happé, F., & Ronald, A. (2008). The fractionable autism triad: A review of evidence from 
behavioural, genetic, cognitive and neural research. Neuropsychology Review, 18, 287-
304.
Happé, F., Ronald, A., & Plomin, R. (2006). Time to give up on a single explanation for autism. 
Nature Neuroscience, 9, 1218-1220.
Hill, E. L. (2004). Evaluating the theory of executive dysfunction in autism. Developmental 
Review, 24, 189-233.
Hill, E. L., & Frith, U. (2003). Understanding autism: Insights from mind and brain. 
Philosophical Transactions of the Royal Society of London, Series B, 358, 281-289.
Ingersoll, B., & Wainer, A. (2014). The broader autism phenotype. In F. R. Volkmar, S. J. Rogers, 
R. Paul, & K. A. Pelphrey (Eds.), Handbook of Autism and Pervasive Developmental 
Disorders (4rd ed., pp. 28-56). Hoboken, NJ: John Wiley & Sons.
Jurado, M.B., & Rosselli, M. (2007). The elusive nature of executive functions: A review of our 
12 General introduction
current understanding. Neuropsychology Review, 17, 213-233.
Just, M. A., Cherkassky, V. L., Keller, T. A., & Minshew, N. J. (2004). Cortical activation and 
synchronization during sentence comprehension in high-functioning autism : evidence 
of underconnectivity. Brain, 127, 1811-1821.
Knapp, M., Romeo, R., & Beecham, J. (2009). Economic cost of autism in the UK. Autism, 13, 
317–336.
Lai, M., Lombardo, M. V., & Baron-Cohen, S. (2014). Autism. Lancet, 383, 896-910.
Lajiness-O’Neill, R., & Menard, P. (2008). Brief report: An autistic spectrum subtype revealed 
through familial psychopathology coupled with cognition in ASD. Journal of Autism 
and Developmental Disorders, 38, 982-967.
Losh, M., Sullivan, P. F., Trembath, D., & Piven, J. (2008). Current developments in the genetics 
of autism: From phenome to genome. Journal of Neuropathology and Experimental 
Neurology, 67, 829-837.
Mayes, S. D., Calhoun, S. L., Murray, M. J., Pearl, A., Black, A., & Tierney, C. D. (2014). 
?????? ?????? ???????????????????????????? ????????????????????????????? ????????
the DSM-5, CARS, CASD, and clinical diagnoses. Research in Autism Spectrum 
Disorders, 8, 68-73.
Matson, J. L., & Kozlowski, A. M. (2011). The increasing prevalence of autism spectrum 
disorders. Research in Autism Spectrum Disorders, 5, 418-425.
Meek, S. E., Lemery-Chalfant, K., Jahromi, L. B., & Valiente, C. (2013). A review of gene-
environment correlations and their implications for autism: A conceptual model. 
Psychological Review, 120, 497-521.
Miyake, A., & Friedman, N. P. (2012). The nature and organization of individual differences 
in executive functions: Four general conclusions. Current Directions in Psychological 
Science, 21, 8-14.
Pennington B. F., & Ozonoff, S. (1996). Executive functions and developmental psychopathology. 
Journal of Child Psychology and Psychiatry, 37, 51-87.
Persico, A. M., & Napolioni, V. (2013). Autism genetics. Behavioral Brain Research, 251, 
95-112.
Piven, J. (1999). Genetic liability for autism: The behavioural expression in relatives. 
International Review of Psychiatry, 11, 299-308.
Piven, J., Palmer, P., Jacobi, D., Childress, D., & Arndt, S. (1997). Broader autism phenotype: 
Evidence from a family history study of multiple-incidence autism families. American 
Journal of Psychiatry, 154, 185-190.
Ronald, A., Happe, F., Bolton, P., Butcher, L. M., Price, T. S., Wheelwright, S., … Plomin, R. 
(2006). Genetic heterogeneity between the three components of the autism spectrum: 
A twin study. Journal of the American Academy of Child and Adolescent Psychiatry, 
45, 691-699.
Ruggeri, B., Sarkans, U., Schuman, G., & Persico, A. M. (2014). Biomarkers in autism spectrum 
disorders: The old and the new. Psychopharmacology, 231, 1201-1216.
Russell, J. (1997). Autism as an executive disorder. Oxford, UK: Oxford University Press.
Sanchez-Valle, E., Posada, M., Villaverde-Hueso, A., Tourino, E., Ferrari-Arroyo, M. J., Boada, 
13General introduction
L., … Fuentes-Biggi, J. (2008). Estimating the burden of disease for autism spectrum 
disorders in Spain in 2003. Journal of Autism and Developmental Disorders, 38, 288–
296.
Sandin, S., Lichtenstein, P., Kuja-Halkola, R., Larsson, H., Hultman, C. M., & Reichenberg, 
A. (2014). The familial risk of autism. Journal of the American Medical Association, 
311, 1770-1777.
Skuse, D. H. (2001). Endophenotypes and child psychiatry. British Journal of Psychiatry, 178, 
395-396. 
State, M. W., & Levitt, P. (2011). The conundrums of understanding genetic risks for autism 
spectrum disorders. Nature Neuroscience, 14, 1499-1506.
Szatmari, P., Maziade, M., Zwaigenbaum, L., Mérette, C., Roy, M. A., Joober, R., & Palmour, R. 
(2007). Informative phenotypes for genetic studies of psychiatric disorders. American 
Journal of Medical Genetics Part B; Neuropsychiatric Genetics, 144B, 581-588.
Verté, S. (2004). Understanding autism spectrum disorders from an executive functioning point 
of view. Unpublished PhD thesis. Gent: Universiteit Gent.
Viding, E., & Blakemore, S. J. (2007). Endophenotype approach to developmental 
psychopathology: Implications for autism research. Behavioral Genetics, 37, 51-60.
Wing, L. (1997). The autistic spectrum. The Lancet, 350, 1761-1766.
?????????????????????? ?????????????????????????????????????????????????????????????????
implications of the proposed DSM-5 criteria for autism spectrum disorders. Journal of 
Autism and Developmental Disorders, 44, 758-765.

2???????????????????????????????
spectrum disorder: 
 
 Explaining the 
 inconsistencies?1
1 This chapter is based on:
Van Eylen, L., Boets, B., Steyaert, J., Evers, K., Wagemans, J., & Noens, I. (2011). Cognitive 
??????????? ??? ??????? ????????? ?????????? ??????????? ???? ????????????????? Research in Autism 
Spectrum Disorders, 5 (4), 1390-1401

17???????????????????????????
Abstract
???? ???????????????????????????? ???????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
Disorder (ASD). As this is the only task characterized by limited explicit task 
instructions and a high degree of disengagement required to perform the 
????????????????????????????????????????????????????????????? ?????????????????
???????????????????????????????????????????????????????????????????????????
However, the WCST involves various additional cognitive processes besides 
??????????? ??????????????????? ????????? ????????????????????????????????????
??????????? ? ??????????? ???? ?? ? ??? ????? ?????? ???? ??? ???????????? ????????
???????????? ????? ???? ????? ?????????? ??????????? ? ?????????? ??? ?? ?????
????????????????????????????????????????? ????????????????????? ??????????????????
We therefore developed such a task and administered it to 40 high-functioning 
children with ASD and 40 age- and IQ- matched typically developing controls. 
As predicted, individuals with ASD made more perseveration errors and had 
???????????????????????????????????????????????????????????????????????????????
performed equally well on the control measures.
18 ???????????????????????????
1. Introduction
Autism Spectrum Disorders (ASDs) are early onset neurodevelopmental 
disorders characterized by a co-occurrence of impairments in social reciprocity 
and communication, combined with restricted and repetitive patterns of 
interests and activities (American Psychiatric Association [APA], 2000). These 
restricted and repetitive behaviours and interests have been proposed to be 
associated with executive dysfunctions in individuals with ASD (Boyd, McBee, 
??????????? ????????? ?? ???????? ?????? ?????? ?? ???????? ?????? ?????? ??????
Turner, 1997). Executive functioning (EF) involves goal-oriented planning and 
regulation of thoughts and actions (Denckla, 1996). It is an umbrella term for 
?????????????????????????????????????????????????????????????????????????????
(1996) have outlined six EF domains: inhibition, working memory, contextual 
???????? ?????????? ??????? ???? ??????????????? ???? ?????????? ??????????? ???? ????
?????????????????? ?????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
?????????? ??????????? ??????? ??? ????? ???????? ??? ?????? ??? ????????? ?????????
or actions depending on situational demands” (Geurts, Corbett, & Solomon, 
?????? ??? ????? ????????? ??? ???? ????? ?????? ????? ??????????? ???????? ??????????
???????????????????????????????????????????????????????????????????????? ???????
?????????????????????????????????????? ??????????????? ??????????????????????
???????? ??????????????????????????????????? ??????????? ????????????????????? ????
Behavior Rating Inventory of Executive Function (BRIEF) have shown that people 
??????????????????????? ?????????????????????????????? ????????????????????????????
????????????????????????????????????????????????????????????????????????????
???????? ????? ????? ????? ???????? ??? ???? ??????????? ??????????? ???????? ???? ????
?????????????????????????????????????? ????????????????????????????????????????????
????????????????????????????????? ?????????????????????????
Table 1 provides an overview of the most commonly used cognitive 
??????????? ?????? ????????????????? ??????????? ??????????????????????????????
?????????????????????????????????????????????????? ???? ????????????????????????
Geurts et al. (2009) make a distinction between three types of cognitive 
?????????????????????????????????? ???????? ?????????????????? ????????????? ? ??????
neuropsychological/experimental paradigm (i.e., the intra-dimensional/extra-
dimensional shift task [ID/ED] of the Cambridge Neuropsychological Test 
Automated Battery - CANTAB), and (c) experimental task-switching paradigms. 
Firstly, the clinical neuropsychological measures are mostly paper-and-pencil 
tasks without control stages measuring possible confounding variables. 
Concerning these measures, all studies using the Wisconsin Card Sorting 
????? ? ????? ????? ????????????? ????????? ???????? ??? ???????????? ????? ?????
whereas the majority of studies using other neuropsychological measures 
(e.g., the trail making test) reported intact performance. Secondly, the ID/
ED shift task is a computerized task that contains several stages measuring 
???????????????????? ??????????????????????????????????????????????????????????
with the majority of studies showing intact performance in individuals with 
ASD (as measured by the number of errors on the ED-shift trials). Thirdly, the 
experimental task-switching paradigms provide a more controlled measure 
19???????????????????????????
??????????????????????????????????????????????????????????????????????????????????
???????????????????????? ?????????? ???????????????????????????????????????????
same) and switch trials (the sorting rule changes) (Geurts et al., 2009). So 
far, only two behavioural studies have applied such a switch cost paradigm 
??? ????????????????????????????????? ??????????????????? ????? ????????? ???????
performance in individuals with ASD.
????????????????????????????????????????????????????????????????????????
types of inconsistencies. First, there are inconsistencies within a certain 
????????? ???????? ?????? ???? ????? ????? ???? ?????? ????????? ????????? ??????
???????????????? ?????? ??? ???? ??? ??????????? ??? ???????????? ????????????????
like age, IQ, co-occurring disorders, etc. (Geurts et al., 2009; Happé, Booth, 
Charlton, & Hughes, 2006; Hill, 2004; Russo et al., 2007). Second, there are 
???????????????? ?????????????????? ??????? ???????? ?????? ??? ????????? ???
??????????????????????????????????????????????????????????????????????????
? ???????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????? ???????????
???????????????????????????????????????????????????????????????????????????????
???????? ??????????????????????????????????? ??????????????? ??????????????????
?????????????????????????????????????????????????????????????????????????????
et al., 2009).
In this article, we propose and test an explanation for the inconsistent 
????????????????????????????????????? ???????????????????????????????????????
tasks used in clinical or research settings.
???????????????????????? ????????????????????????????????? ???????????
??????????????????????????????????????????????????????????????????????????????
the task (like the high social demands, high working memory and generativity 
??????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????
and intact performance on more controlled experimental task switching 
paradigms. However, it does not explain the intact performance on the other 
??????????????????????????????????????????????? ??????????????????????????????
???????? ??????? ???????????????????????????????????????? ??????? ????????
the Playing Cards Test from the Behavioral Assessment of the Dysexecutive 
Syndrome [BADS]; see Table 1). Furthermore, postulating that individuals with 
??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????????????????????????? ???? ???? ??????????
?????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
??????? ????????????????????????????????? ??? ?????????????????????? ???? ???????????
of explicitly provided task instructions and (b) the amount of disengagement 
required to perform the switch.
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???????????????????????????????????????????????????????????the degree 
of explicitly provided task instructions???????????????????????????????????????
Table 1). At the lowest level (0), no indications are given about the rules that 
should be applied, nor that a rule switch will occur. At level 1, participants are 
instructed before the task that a rule switch will occur. At level 2, participants 
are instructed that a rule switch will occur and they get an explicit warning 
during the task indicating when they have to switch. At level 3, participants 
are instructed before the task what rules should be applied and when to 
switch to another rule. At the highest level (4), a cue is shown on each trial, 
?????????????????????? ????????????????????????????? ????????????????????????????
the WCST appears to be the only task with the lowest degree of explicitly 
provided task instructions. On the contrary, the experimental task-switching 
?????????????????????????????????????????????????????????????????????????????????
tasks somewhere in between. Our concept of ‘degree of explicitly provided 
task instructions’ is comparable with that of ‘degree of rule constraints’ 
(Ciesielski & Harris, 1997) and ‘degree of open-endedness’ (White, Burgess, 
& Hill, 2009). Although these other concepts are broader, we could say 
that higher degrees of explicitly provided task instructions correspond with 
higher degrees of rule constraints and lower degrees of open-endedness. 
Ciesielski and Harris (1997) have already shown that the lower the degree of 
?????????????????????????????????????????????????????? ??????????????????????????
with ASD compared to typically developing controls. The other factor that 
may account for the between task inconsistencies in the ASD literature is 
the amount of disengagement required to perform the rule switch. Typically, 
switching to another rule requires both disengagement from (or inhibition 
of) the previously correct stimulus-response association, and activation of 
the required one (Monsell, 2003; Smith, Taylor, Brammer, & Rubia, 2004). 
However, in experimental settings the amount of disengagement required to 
perform a switch can be reduced or even eliminated simply by not showing 
the previously correct stimulus. This is what happens in the ED-shift of the 
ID/ED task (see Table 1 for a description of the task). In this stage individuals 
have to learn a new stimulus-response association (i.e., a new rule), but 
since the previously correct stimulus is no longer displayed, they do not 
have to disengage from it. There is evidence that individuals with ASD have 
problems with disengagement of attention (Casey, Gordon, Mannheim, & 
Rumsey, 1993; Hughes, & Russell, 1993; Kawakubo et al., 2007; Landry & 
Bryson, 2004). Therefore, reducing the amount of disengagement necessary 
to perform a switch may facilitate the task for individuals with ASD, hence 
????????????????????????????????????????????????????????????????????????
typically developing controls.
?????????????????????????????????????????????????????????????????????
???? ????? ???? ???? ?????? ?????????? ??????????? ?????? ??? ???????????? ?????
???????????????????????? ????? ? ?????????? ??? ?????????? ???????????? ???? ?????
these impairments might only become apparent in situations characterized by 
the lowest degree of explicitly provided task instructions and a high amount 
of disengagement required to perform the switch.
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???????????? ???????????????????????????????????????????????????????????
this task requires various additional cognitive processes besides switching, 
??????? ??? ?????????? ???????? ?? ???????? ???? ???? ??? ?????????? ???????????
impairments. The aim of this study is to investigate whether individuals with 
??????????????????????????????? ????????????????????????????????????????????
open-ended task-switching variant of the WCST. We therefore developed 
a task-switching paradigm with the following characteristics: (a) the task 
has the lowest degree of explicitly provided task instructions (~WCST); (b) 
the task requires a high amount of disengagement to perform the switch 
???????????????????????????????????????????????????????????????????????????
is minimized on the one hand by reducing social demands, working memory 
and generativity load, and on the other hand by providing a within-subject 
calculation of the switch cost. This version of the WCST is an adaptation of 
?????????????????????????????????????????????????????????????????????????????????
developing participants (Watson, Azizian, & Squires, 2006). In the present 
study, the task was administered to a group of high-functioning children with 
ASD and age- and IQ-matched typically developing controls. Consistent with 
our hypothesis, we predict that children with ASD will show more perseveration 
errors and a higher switch cost on this task compared to typically developing 
controls.
2. Method
2.1. Participants
The Autism Spectrum Disorder (ASD) group comprised 40 children 
(36 boys and 4 girls). They all received a formal diagnosis of ASD made 
by a multidisciplinary team according to DSM-IV-TR criteria (APA, 2000). 
Twenty-one of them were recruited through the Flemish Autism Association. 
The nineteen other children participated in a larger family study of the Leuven 
Autism Research (LAuRes) consortium. Their diagnosis was additionally 
????????? ????? ???? ??????????????? ?? ????????? ???? ??????????? ??????????
???????????????????????????????????????????????????????????????????????????????
another on IQ, nor on test performance (perseveration errors and switch cost; 
data not shown). To increase power they were collapsed into an omnibus 
ASD group. None of the ASD children had a known neurological or genetic 
disorder.
The control group comprised 40 Typically Developing (TD) children 
(36 boys and 4 girls), recruited through schools, personal contacts and 
advertisements. None of these children presented any neurological or 
???????????? ????????? ?? ??? ? ???? ????????????? ?????? ???? ? ??????????????
learning or neurological disorder. None of these children was on medication. 
This information was gathered during a telephone conversation with one of 
the parents.
We included children and adolescents from 8 to 18 years old, with a 
verbal, performance, and total IQ score above 70. Intelligence was assessed 
with a shortened version of the Wechsler Intelligence Scale for Children, 
24 ???????????????????????????
Third Edition (WISC-III; Wechsler, 1992), or with a shortened version of the 
Wechsler Adult Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997) 
for participants above 17 years old. This shortened version consisted of 
four subtests: Vocabulary, Similarities, Picture Completion and Block Design 
(Sattler, 2001). The participants were group-wise matched on the basis of 
gender, chronological age, verbal IQ, performance IQ and full-scale IQ (see 
Table 2).
2.2. Materials: Wisconsin Card Sorting Task With Controlled Task 
Switching (WCST-WCTS)
For this task, children sat approximately 57 cm from a 17-inch LCD 
computer screen on which the stimuli were displayed. On each trial, three cards 
arranged in a pyramid form were simultaneously presented on the screen (see 
?????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
pink, black or orange). The card at the top is the reference card, and the cards at 
the bottom are choice cards. One of the two choice cards has the same shape 
??????????????????????????????????? ????????????????????????????????????????????
??????????????? ???? ???????????????????????????? ????????????????? ???????? ???
match the reference card with the correct choice card, based on either colour 
or shape. Only two sorting rules from the original WCST were implemented to 
minimize the working memory demands (Watson et al., 2006). On two successive 
??????????????????????? ???????????????????? ????????????????????????????? ?????
(consisting of the three cards) remained on the screen until participants made a 
valid response. Responses were made by pressing the left or right button of a 
2-button-response box. Both accuracy and reaction time were recorded. For half 
of the trials the correct choice card was the left one and required a left button 
press, and for the other half the correct choice card was the right one and required 
a right button press. After responding, visual and auditory feedback was given 
during 600 ms (the word “correct” displayed on a green background accompanied 
by a high tone versus the word “incorrect” on a red background accompanied by 
a low tone). Stimulus presentation and response registration were controlled by 
??????????????????????????????????????????????????????????????????????
Table 2. ???????????????????????????????????????????
ASD group
(n = 40)
TD group
(n = 40)
Characteristics Mean SD Mean SD t (78) p
Age
VIQ
PIQ
FSIQ
11.33
106.68
104.25
105.45
2.18
14.82
14.77
12.34
11.13
109.65
103.88
106.76
2.22
12.14
14.09
9.04
0.41
0.98
0.12
0.54
0.69
0.33
0.91
0.59
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At the beginning of the task participants received the following 
instructions: “In this task three cards are shown. One card appears at the 
top and two cards appear at the bottom, one left and one right. You have to 
indicate whether the upper card matches the left or right card at the bottom, by 
pressing the left or right response button as soon as possible. The computer 
will then indicate whether your choice was correct or incorrect. You have to try 
to correctly sort as many cards as possible, as fast as possible. Is that clear?”. 
The examiner was not allowed to give any indication that the sorting principles 
involve colour or shape, or that there would be a switch from one category 
to the other. After instructions, a practice block was completed to ensure that 
the participant understood the instructions. In this practice block cards had to 
be sorted according to shape and after eight consecutive correct responses 
this block was completed. After the practice block, the participants were 
?????????? ?????????????????????????????????????????????????????????????????????
sorting rule had to be applied. Randomly after seven, eight or nine consecutive 
correct answers the sorting rule changed and a new block began. Accordingly, 
the sorting rule changed four times in each run and 20 times throughout the 
whole task. After each run a short break was provided to avoid fatigue. Failure 
to achieve the criterion of 7-9 consecutive correct responses within 50 trials 
resulted in discontinuation of the task.
The main parameters of interest were the mean number of perseveration 
?????????????????????????????????????????????????????????????????????????????????
an incorrect answer. To account for task discontinuation, we controlled for the 
number of completed blocks by calculating the mean number of perseveration 
?????????????????????????????????????????????????????????????????????????????
mean reaction time on switch trials and the mean reaction time on maintain 
Figure 1. Illustration of the protocol of the Wisconsin Card Sorting Task With Controlled 
Task Switching (WCST-WCTS).
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????????????????????????????????????????????????????????????????????????????????????
incorrect trial and followed by four consecutive correct answers. A maintain trial 
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
(see Figure 1).
Additionally, the number of practice trials required to complete the 
practice block was registered as it provides a general indication of the ability to 
learn a rule from feedback. After the task, participants were also asked which 
sorting rules they had to apply, to check whether the correct rules (colour and 
shape) were used.
Finally, a number of other parameters were also derived because they 
????????? ?????????????????????????????????????????????????????????????????????
and the WCST: (a) the number of blocks completed; (b) the mean number of 
trials per block: the mean number of trials necessary to attain the criterion of 
7-9 consecutive correct responses; (c) the mean number of failures to maintain 
????????????????????? ????????????????????????????????????????????????????????
correct answers, divided by the number of blocks completed; and (d) the mean 
number of errors: the sum of the mean number of perseveration errors and the 
mean number of failures to maintain set.
2.3. Procedure
Informed consent was obtained from the parents and also from the 
participants older than 16 years. All participants were tested individually in 
a quiet room either at the University Hospital ‘Gasthuisberg’ in Leuven, or 
at school. Testing took place within the context of a larger study consisting 
of two 2-h sessions. The order of the tasks was counterbalanced to avoid 
?????????????????????????????????????????????? ??????????????? ???????????????
formats, to provide enough variation. Furthermore, breaks were provided 
to avoid fatigue. After testing, participants could choose a reward for their 
????????????????????????? ??????????????????????? ??????????????????????
This study was approved by the Medical Ethical Committee of the 
University Hospitals Leuven and the Ethical Committee of the Faculty of 
Psychology and Educational Sciences of the KU Leuven, Belgium.
2.4. Data analysis
For the reaction time data, all values smaller than 100 ms or larger than 
5000 ms were removed. Afterwards, data were inspected for outliers on the main 
dependent variables (mean perseveration errors and switch cost). A participant 
was considered an outlier if his/her standard score was above 2.5 or below 
-2.5 on at least one of these variables. This yielded one outlier per group for 
the mean perseveration errors and three outliers per group for the switch cost. 
All the analyses were performed including and excluding these outliers. Both 
???????????????????????????? ????????????????????????????????????????????? ????
pronounced when the outliers were excluded. Here we only report the analysis 
on the full sample as it is more conservative and representative.
27???????????????????????????
The assumptions for parametric testing were checked and appeared to be 
violated for all dependent measures. To obtain more normally distributed data, 
the reaction time measures were log-transformed prior to analysis. For the other 
measures, non-parametric Mann-Whitney U???????????????????????????????????
level of p < 0.05 (two-sided) was adopted for all analyses and Cohen’s d???????
?????????????????????????????????????????????????????????????????????????????
from 0.2-0.3 is considered small, values around 0.5 are medium and values of 
?????????????????????????????????????????? ???????????????????????????????????
graphs and in the tables result from the non-transformed variables.
3. Results
???? ????? ?????????? ??????????? ????????? ????? ???? ????? ??????? ???
perseveration errors per block and the switch cost.
The mean number of perseveration errors was higher for the ASD group 
??????????????????????????????????????????????????????????????????????????????
(d????????????????????????????????????????????????????????? ??????????? U = 
1792; p??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
?????? ????????????????????????????????????????????????????????????????????????
for homogeneity: F(1,78) = 4.91; p = 0.03).
To evaluate the switch cost, a 2 x 2 (trial type x group) repeated 
measure analysis of variance (ANOVA) was performed, with reaction time (RT) 
as the dependent measure, trial type (switch versus maintain trials) as the 
within-subject factor and group as the between-subject factor (see Figure 3). 
???????????????????????????????????? ?????????????????????????F(1,78) = 362.33, 
p < 0.001) with slower reaction times on switch than on maintain trials, no 
?????????????????????F(1,78) = 2.86, p ???????????????????????????????????????
group interaction (F(1,78) = 4.90, p = 0.03). Follow-up contrasts revealed no 
??????????????????????????????????????????? ??????? ?t(78) = 1.27, p = 0.21, d 
???????????????????????????????????????????????????????????????????????t(78) = 
4.40, p < 0.001, d = 0.52). In addition to this repeated measures analysis, the 
switch cost was calculated for each individual (i.e., the mean reaction time on 
switch trials minus the mean reaction time on maintain trials) and both groups 
were compared on this measure (see Figure 4). A t-test revealed that the ASD 
?????????????????????????????????????????????????????????????????????t(78) = 
2.64, p = 0.01, d = 0.60).
Both groups were also compared on the additional measures but no 
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
i.e. that they had to switch between sorting according to colour and sorting 
according to shape.
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Figure 2. Mean number of perseveration errors per block for children with an Autism 
Spectrum Disorder (ASD) and Typically Developing (TD) controls. Error bars 
depict 1 SE of the mean.
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Figure 3. Mean reaction time as a function of group (ASD versus TD) and trial type 
(Switch versus Maintain trials). Error bars depict 1 SE of the mean.
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Figure 4. Mean switch cost RT of the ASD and the TD group. Error bars depict 1 SE 
of the mean.
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4. Discussion
The present study investigated the performance of children with ASD 
and typically developing controls on an experimental task-switching variant 
of the WCST, which controls for confounding variables, requires a high 
amount of disengagement to perform the switch, and has the lowest degree 
of explicitly provided task instructions. (According to our taxonomy outlined 
in the introduction this means that there are no indications that a switch will 
occur, nor about the rules that should be applied.) Consistent with the task-
switching literature, all participants responded slower on switch than on 
maintain trials, showing that this task induced a switch cost (Monsell, 2003). 
When comparing the performance of the ASD and the TD groups, the data 
revealed that children with ASD tended to make more perseveration errors 
and had a higher switch cost compared to typically developing controls. 
????? ??? ??????????? ????? ???? ???????????? ???? ?????????? ?????????? ???????????
? ??????????????????????????????????????????????????????????????????????????
in the number of practice trials needed to complete the practice block, 
implying that both groups understood the task instructions and were equally 
able to learn a rule from feedback. Furthermore, when asked which sorting 
rules they had to apply, all participants correctly indicated that they had to 
switch between sorting according to colour and sorting according to shape, 
showing that they used the correct sorting rules. Individuals with ASD neither 
had problems to maintain a certain rule. This is evidenced by comparable 
mean numbers of failures to maintain set between both groups. In addition, 
the reaction time data revealed that both groups responded equally fast on 
????????? ????????????????? ?????????????????? ??????????????????????? ???????
???????????????????????????????????????????????????????????????????????????????
?????????? ???????????????????????????????????????????????????????????????
Table 3. ???????????????????????????????????? ???????
ASD group 
(n = 40)
TD group 
(n = 40)
Measures Mean (SD) Mean (SD)
Mann-
Whitney U
p (two-
sided)
Cohen’s 
d
Number of 
practice trials
12.58 (8.37) 10.35 (3.83) 1773.5 0.12 0.34
Number of blocks 
completed
19.33 (8.98) 21.83 (6.99) 1521 0.22 0.31
Trials per block 17.48 (6.79) 15.15 (4.63) 1743 0.24 0.40
Mean maintain 
failures per block
0.31 (0.23) 0.36 (0.32) 1561.5 0.58 0.22
Total errors 2.26 (2.73) 1.23 (1.33) 1756.5 0.18 0.47
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Although the mean number of perseveration errors was considerably 
??????????????????????????????????????????????????????????????????????????
??????? ???????? ????? ?????????? ???? ???? ???????????? ?? ??????? ??????????? ??? ????
results indicates that this might be due to the large variance in the ASD group, 
??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
heterogeneity in the ASD group.
???????????????????????????????????????????????????????????????????????
?????? ???????????????????????????????????? ???????????????????????????????? ????
number of trials per block and the number of total errors. When comparing the 
?????????????????????????????? ?????????????????????????????????????????
?????????????????????????????? ????????????????????????? ?????????????? ?????
indicate that the other measures are not sensitive enough to detect cognitive 
????????????????????????????????? ?????????????? ????????????? ??? ??????????? ????
perseveration errors and the failures to maintain set. Our data indicate that the 
ASD group made more perseveration errors, but slightly less failures to maintain 
????????????????????????????????? ??????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
performance, than the number of perseveration errors.
In this study, we administered a task-switching paradigm with the 
??????? ??????? ??? ??????????? ????????? ????? ????????????? ???? ?????? ???????????
? ?????????? ??? ?????????????? ????? ???? ????? ?????? ?????????? ??????????? ?????
with this degree of explicitly provided task instructions is the WCST, which 
????????????????????????????????????????????????????????????????????????????????
all other task-switching paradigms currently used in ASD research have high 
degrees of explicitly provided task instructions and do not reveal cognitive 
??????????? ? ?????????? ??? ???????????? ????? ????? ????? ????????????? ????
hypothesis that the degree of explicitly provided task instructions might be 
??????????????????????????????????????????? ?????????????????????????????????????
it has been demonstrated that tasks with low degrees of ‘rule constraints’ 
(Ciesielski & Harris, 1997) or more open-ended tasks (White et al., 2009) 
provoke the most severe impairments in individuals with ASD. 
The degree of explicitly provided task instructions can also be 
?????????????????????????????????????????????????????????????????????????????????
Based on a factor analysis, it has been shown that two separate groups 
???????????????????????? ???????????????????????? ?????? ????????????????????????
??? ????????? ???????? ????? ????????? ???? ?????? ?????????? ????????? ???????? ?????
shifting (Teunisse, Cools, van Spaendonck, Aerts, & Berger, 2001). Tasks 
with low degrees of explicitly provided rule constraints rely more on internally 
controlled processing because of the implicit shifting rules and categories, 
whereas the explicitly presented shifting rules elicit more externally controlled 
shifting behaviour (Teunisse et al., 2001). In line with this, Gioia et al. (2002) 
mention that in tests tapping executive functions in an explicit way (thus with 
high degrees of explicitly provided task instructions) the examiner provides 
the necessary structure and organization, thereby serving as the participant’s 
external executive control and relieving the demands on executive functions 
31???????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
????? ??????????? ?????????? ????????????? ???? ?????? ???????? ??????????? ???
well-structured tests (Gioia et al., 2002). This is evidenced by a lesion study 
demonstrating that performance on the WCST of patients with focal frontal 
lesions improved when they were informed about the sorting rules and 
received a warning during the task indicating that the rule would change on 
the following trial (without mentioning the actual sorting criterion) (Stuss et al., 
2000). Accordingly Stuss et al. (2000) demonstrated that explicitly providing 
structured verbal instructions makes a test less sensitive to frontal lesions. 
?????????????????????????????????????????????????????????????????????????????
?????????????????????? ??????????????????????????????????????????????????????????
??????????? ??????????????????????????????????????????????? ????? ??????????????
Support for this interpretation is provided by an fMRI study comparing 
performance of individuals with ASD and TD controls on a switch task with 
a cue presented before each trial, explicitly indicating which rule should be 
applied (Schmitz et al., 2006). Both groups had similar behavioural results, 
but individuals with ASD showed increased parietal lob activation. According 
??????????????????????????????????????????????????????????????????? ?????????
???? ?????????????? ???????? ?????? ?????????? ???? ????? ????? ???????? ??????????
?????? ??????? ?????????? ??????????? ???????? ???? ? ???????? ? ??????????? ??? ???
underscores the usefulness of intervention strategies for ASD that emphasize 
the explicit provision of structure and explicit step-by-step instructions (Klin 
& Volkmar, 1995).
?????????? ??????????? ???????? ??? ???????????? ????? ???? ??? ????? ?????
???????????? ????????????????? ???????? ?????????????? ????????????????????????
of performance or problems with understanding the implicit task demands 
(Larson, South, Krauskopf, Clawson, & Crowley, in press; White et al., 2009). 
?????????????? ???????????? ????????????????????????????????????? ?????????
Performance monitoring (also referred to as response monitoring) involves 
the process of evaluating the consequences of behaviour and making 
adjustments to optimize outcomes (Thakker et al., 2008). This appears to be 
problematic for individuals with ASD (South, Larson, Krauskopf, & Clawson, 
??????????????????????????????? ???????????????????????????????????????????
have been proposed to result from structural and functional abnormalities in 
the anterior cingulate cortex (ACC), which were also related to higher ratings 
of repetitive behaviour (Thakker et al., 2008). Given that individuals with ASD 
perform adequately on explicitly cued switching tasks but fail on the more 
implicit switching tasks, where they have to interpret their own errors as a cue 
for initiating the switch, we hypothesize that a core aspect of the cognitive 
???????????? ?????????????????????????????????????????????????????????????????
and adjusting their own behaviour. Further research is needed to investigate 
???? ?????? ???????? ?????????? ??????????? ????????? ?????????????? ????????????
monitoring, and repetitive behaviour in individuals with ASD.
Concerning the issue of disengagement required to perform a switch, 
there is evidence that individuals with ASD have problems with attentional 
disengagement (Casey et al., 1993; Hughes & Russell, 1993; Kawabuko 
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et al., 2007; Landry & Bryson, 2004). However our study does not allow to 
disentangle the relative importance of disengagement versus explicit task 
???????????????????????????????????????????????????????????????????????????????????
whether tasks need to have both the lowest degree of explicitly provided 
rule constraints as well as high amounts of disengagement in order to elicit a 
???????????????????????????????????????????????????????????????????????????????
with ASD with IQ scores above 70, are impaired on a task switching variant of 
the WCST with the lowest degree of explicitly provided task instructions and 
high amounts of disengagement required to perform the switch. Although 
there is additional evidence supporting our hypothesis that both the degree 
of explicitly provided task instructions and the amount of disengagement 
???????????????????????????????????????????????????? ?????????????????????????
??????????????? ???????? ????????? ?????????? ????????????? ??????????????????????
can be done, for example, by directly comparing performance on tasks with 
low vs. high degrees of explicitly provided task instructions and low vs. high 
degrees of disengagement required to perform the switch in a 2 x 2 factorial 
within-subjects design. An additional question that could be addressed in 
???????????????????? ????????????????????????????????????????????????????? ????
????????????????????????????????????????????? ??????????????????????????????
is that individuals with ASD are characterized by a large heterogeneity both 
in the ASD phenotype (Wing, 1997) and in neurocognitive characteristics. 
Therefore, it might be possible that several more homogeneous subgroups 
???????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
????????? ????? ??? ?????? ?????? ????????? ??? ?????? ?????? ???????? ?????????? ???
???????????????????????????????? ????????????????? ??????????????????????????????
that alternative thoughts or actions may be more appropriate given the 
??????????? ????????????? ????????? ??????????????????????????????????? ???????????
mostly has to disengage attention from the current thoughts or actions. 
????????? ???? ?????????? ??????????? ?????? ???????? ??????? ???? ????????????????
of daily life situations, we do suggest that more open-ended and implicit 
tasks (compared to highly constrained and explicit tasks), as well as tasks 
requiring high amounts of disengagement, more closely resemble everyday 
situations and are therefore more ecologically valid. This is supported by the 
??????? ????????????????? ??????????????????? ??????? ????????????????? ??? ?????
2002; Mackinlay, et al., 2006;) as well as the most open-ended and implicit 
??????????? ?????? ????? ???????? ????? ???????? ??? ?????????????? ????? ?????
?????????????????????????????????????????? ? ??????????????????????????????????
?????????? ??????????? ?????? ????? ??? ????????????? ????? ?????? ???????? ????? ?????
Table 1). Additional research might further investigate the ecological validity 
of these tasks by calculating the correlation between task performance and 
????????????????????????????????????????????
In summary, the present study investigated the performance of children 
with ASD and typically developing controls on an experimental task-switching 
variant of the WCST, which controls for confounding variables, requires a 
high amount of disengagement to perform the switch, and has the lowest 
33???????????????????????????
degree of explicitly provided task instructions. As predicted, individuals 
with ASD made more perseveration errors and had a higher switch cost 
than typically developing controls, but they performed equally well on the 
???????? ?????????? ?????? ????????? ?????? ????? ?????? ?????????????? ?????????
???????????????????????????????????????????????????????? ????????????????????
these impairments might only be revealed under conditions with a low degree 
of explicitly provided task instructions and a high amount of disengagement 
required to perform the switch. However, further research is needed to fully 
establish this claim.
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3Children with  
autism spectrum disorder 
spontaneously use scene 
knowledge to modulate 
visual object processing1
1 This chapter is based on: 
Van Eylen, L., De Graef, P., Steyaert, J., Wagemans, J., Noens, I. (2013). Children with 
autism spectrum disorder spontaneously use scene knowledge to modulate visual object 
processing. Research in Autism Spectrum Disorders, 7 (7),913-922.
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Abstract
???????? ???????? ????? ????????????? ??????????? ?????????? ??? ??????? ???????
processing in individuals with an Autism Spectrum Disorder (ASD) and failed 
??? ???? ???????? ???????? ???????? ????????? ?????? ???????? ???? ???? ?????????
?????????????????????????????????????????????????????????????????????????????
processes, leaving it unclear whether individuals with ASD display equally 
?????? ??????? ????????? ??????? ??? ????????? ??? ???????? ????? ????? ??? ???????
local mechanism producing the same result. In this study, an eye-movement 
?????????????????????????????????? ??????????????????????????????????????????
?????????????????????????????? ???? ??????????????? ????????????????????????
??????????????????????????????????????????????????????????????????????????
????????????? ????????? ??????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
information facilitated object recognition to the same extent in both groups. 
????????????????????????????????????????????????????????????????????????????
???? ?????????? ??? ??????? ??????? ????? ???????????????????? ?????? ????????
contradict predictions based on the weak central coherence account. 
However, a good alternative to explain all inconsistencies is currently lacking.
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1. Introduction
Autism Spectrum Disorders (ASDs) are characterized by the 
co-occurrence of impairments in social reciprocity and communication, 
combined with restricted and repetitive patterns of interests and activities 
(American Psychiatric Association, 2000). According to the weak central 
coherence (WCC) account, some of these symptoms are related to or even 
caused by their atypical information processing. This account claims that 
individuals with ASD show reduced central coherence, or global processing, 
meaning that the normal tendency to process information in its context 
and integrate information for higher-level meaning is diminished, favouring 
piecemeal or local processing (Frith, 1989). In the ASD literature, the 
evidence for increased local processing is strong while that for reduced 
global processing is more mixed, especially for ASD individuals with (at least) 
normal intelligence (for a review, see Happé & Frith, 2006). To account for 
?????????????????????????????????????????????????????????????????????????
2008; Happé & Frith, 2006). Firstly, the authors state that diminished global 
???????????????????????????????????????????????????????????????????????????????
style’, which can be overcome when explicitly instructed to do so. Thus, 
reduced global processing may only become apparent when individuals 
with ASD are not guided to attend to global information. Accordingly, they 
encourage the use of open-ended tasks to capture spontaneous modes of 
processing information. Secondly, they make a distinction between local and 
global coherence, emphasizing that individuals with ASD may only display 
diminished global coherence, but intact local coherence. Local coherence 
refers to item-to-item processing (chaining), or intra-domain coherence, 
whereas global coherence refers to inter-domain coherence, requiring more 
top-down modulation of information. Taken together, the revised WCC 
account suggests that individuals with ASD will mainly show reduced global 
processing on open-ended implicit tasks requiring global coherence.
One way to test this revised WCC account is by investigating implicitly 
???????????????? ??????????????????????????????????? ??????? ????????????? ???
?????????????????????????????????????????????????????????????????????????????
in Typically Developing (TD) individuals. Afterwards, shortcomings of studies 
????? ????? ????????????? ?????? ??????? ??? ???? ????? ??? ?????????? ???? ???
alternative paradigm will be presented.
Contextual modulation of visual object processing is demonstrated by 
numerous studies in TD individuals (for a review, see Bar, 2004; Henderson 
????????????????????????????????????????????????????????????????????????????
is contextual facilitation of object processing: an object in a plausible scene 
context is processed faster than that same object in an implausible context. 
This is evidenced by a shorter naming latency (Boyce & Pollatsek, 1992) and 
?? ???????? ???????? ????????? ??????????? ????????????? ?? ???????????? ?????? ????
scene-consistent objects. Additionally, eye-movement studies showed that 
???????? ?????????????????????????????????????????????????????????? ?????????
?????????????????????????????????????????????????????????????????????????????
earlier and more often than consistent objects (Loftus & Mackworth, 1978). 
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????????????????????????? ???????????????????????????????????? ????????
????????????????????????????????????????????????????????????????????????????
paradigm used (for a review, see De Graef, 2005a; Henderson & Hollingworth, 
1999).
????????? ??????? ???? ??? ???????? ???? ???? ?????????????? ??????? ???
visual object processing (De Graef, 2005b). According to Henderson and 
Hollingworth (1999), they can be divided into three groups: the perceptual 
schema model, the priming model and the functional isolation model. The 
idea underlying each of these models is that perception of a scene leads to 
the activation of the corresponding scene schema. A scene schema contains 
generalized expectations about which objects are likely to be in a particular 
scene and which objects are not (e.g., in a kitchen, a car is normally not 
present, while a fridge is). Activation of this schema subsequently alters 
and facilitates the processing of objects present in that scene. However, the 
?????????????????????????????????????????????????????????????????????????????
models (Henderson & Hollingworth, 1999). According to the perceptual schema 
model????????????????????????????????????????????????????????????????????????
subsequent perceptual analysis of schema-consistent objects. The priming 
model?????????????????????????????????????????????????????????????????????????
of the scene schema primes the stored representations of schema-consistent 
objects’ (Henderson & Hollingworth, 1999, p. 261). This reduces the amount 
of perceptual information necessary to identify a primed object. So, both of 
??????????????????????????????????????????????????????????????????????????????
that scene consistent objects will be recognized faster than inconsistent 
objects. On the contrary, the functional isolation model suggests that context 
????????? ???????????????? ???????????????????????? ?????????????? ?????? ??????
??????????????????????????????????????? ??? ??????????????????? ??????????????
results from a purely bottom-up visual analysis. When an object is embedded 
in a scene, this will activate the scene-schema and trigger an additional 
processing step aimed at integrating the object in the scene representation. 
The activated schema thereby acts as an interpretational template for the 
????????????????????????????????????????????????????????????????????????? ??????
need to be tagged as present, those that do not will require more extensive 
processing in order to be integrated (De Graef, 2005b).
One aspect that is often neglected is that not only global scene 
information (as described above), but also local object information induces 
??????????????????????????????????????????????????????????????????????????
scene typically contains several semantically related objects. When seeing 
one object, this leads to the activation of the corresponding object-cohort 
(i.e., a prototypical representation of objects that are episodically and/or 
semantically related) and also facilitates the processing of cohort-consistent 
objects. It is important to mention this because these object-to-object 
?????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????
Furthermore, although post-perceptual processes can indeed produce 
???????? ???????? ?????? ??? ??????????? ????????? ????? ?????????? ???????????
44 Scene perception in ASD
information does facilitate object recognition in TD individuals, thereby 
refuting the functional isolation model (Bar, 2004). Brain imaging studies have 
provided further insight in the underlying cortical mechanisms and have proven 
that a low-spatial frequency representation of the scene is projected early 
and rapidly from the visual cortex to the parahippocampal and the prefrontal 
cortex, resulting in a guess about the most likely context. This information 
is then fed back to the inferior temporal cortex, activating a set of object 
representations that are likely to occur in that particular scene. As such, the 
recognition of scene-consistent objects is facilitated by substantially limiting 
the number of object representations that need to be considered (Bar, 2004; 
Bar et al., 2006).
????????????????????????????????????????????????? ??????????????????????
??????????????????????????????????????????????????????????????????????????????
can arise due to global scene information and/or local object information. 
????????????? ???????? ??????? ???? ??????? ????? ?????? ????????? ??????????
????????????????????????????????????????????????????????????????????????????????
integration within the activated schema.
Regarding individuals with ASD, several studies have investigated 
??????????????????????????????????????????????????????????????????????????
??????????? ???????????????????????????????????? ?????????????????????????
????????????? ??????????????? ??? ????????????????? ??????? ?????? ??????? ??????
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????? ???????????????????????????????
whether ASD individuals (in some situations) display equally large global 
?????????????????????????????????????????????? ??????????????? ????????????
?????????????????????????????????????????????????????????????????????????
For example, in a contextual priming study of Lopez and Leekam (2003), local 
inter-object priming instead of global scene-to-object priming might have 
??????????????????????????????????????????????? ????????????????????????????
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????? ??? ??????????????
????????????????????????????????????????????????????????????????????????????
movement study of Loth, Goméz and Happé (2011), as well as in the change 
blindness paradigm used by Fletcher-Watson, Leekam, Turner and Moxon 
(2006). In both studies, memory requirements play a role, which enlarge 
???? ?????? ??? ?????????????????????? ?????????? ???????????????????????????
??????? ?? ????????? ???????????? ???? ???? ????? ??? ?????? ??????????? ??? ????? ???
?????????????????????? ?????????????????????????????????????????????????????
???????????????????? ????????????????????????? ?????????????????????????????????
compared to a TD group. This suggestion was also formulated by Pijnacker 
et al. (2010), based on an ERP study of context sensitivity in ASD. They found 
that adults with so-called high-functioning autism had a normal response 
pattern at a behavioural level but a later ERP response. So, although the 
functional isolation model has been rejected as an explanation for context 
??????????????????????????????? ????? ??????????????????????????????????????????
In the present study we try to overcome the shortcomings of the 
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????????? ???????? ??? ?????????????? ??????? ????????? ??????? ??? ???????? ???
children with ASD compared to TD children. In line with suggestions based 
on the WCC theory, this was done by using an open-ended implicit task. More 
????????????????????????????????????????????????????????????????????????
Graef et al. (1990). During this task, eye-movement patterns were recorded 
while participants explored line drawings of real-world scenes. All scenes 
contained one semantically consistent object, one semantically inconsistent 
???????????????????????????????????????????????????? ?????????????????????????
with an object-like appearance). The task was to count the number of non-
objects in the scene. By showing stimuli with a variable number of non-objects 
and asking individuals to count them, they are motivated to scan the whole 
scene and saccade from one object-like form to the next. In doing so, they 
?????????????????????????????????????????????????????????????????????????????????
to determine whether the pictured object matches an object representation in 
long term memory or not (whether it is a non-object or not). Thus, maximum 
performance can be achieved without contextual processing. Additionally, 
participants are not explicitly asked to name the objects (as is often the case 
in contextual priming studies). Registration of eye-movement patterns in 
our study therefore provides an unobtrusive, on-line and implicit measure of 
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????? ??????????????????????????????????
??? ??????? ????? ??? ????????? ??????? ???????????????? ???????? ????
???????????????? ?????? ????????????????????????????? ???????????????????????
adding only two objects to the scene-background, which were semantically 
inconsistent with one another. So, seeing one object could not prime the 
representation of the other object.
?????????????? ?? ????????? ??????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
and could not be entirely contributed to post-perceptual processes. On the 
one hand, this was done by choosing a task without mnemonic requirements 
(unlike the change blindness task, for instance). On the other hand, this was 
??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
viewpoint in which the object is perceived (Boutsen, Lamberts, & Verfaillie, 
1998; Palmer, Rosch, & Chase, 1981). We therefore presented each object 
??? ???? ????? ???? ?????? ????????????? ?????????? ???? ??? ????????? ??? ????
??????? ???????? ?????????? ???? ???????? ??? ?????? ?????? ????????????? ??????????
compared to the same objects in their best view. Concerning the interaction 
???????? ???????? ???? ?????????? ???????? ???? ?????????? ???? ?????????? ??? ????
????????? ???????? ??????? ??????? ??????? ???????????????? ??????????? ?????
???????????????????????????????????????????? ?????????????????????????????
no context by viewpoint interaction should emerge. This prediction is in line 
with the functional isolation model. However, if the context facilitates object 
????????????????????????????????????????????????????????????????????????????
recognition is harder (Bar, 2004), so when objects are presented in their 
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worst view. This would be expected based on the perceptual schema and 
the priming model.
??????????? ?????? ??????????? ??? ???????? ???????? ???????? ????????
predicts less top-down facilitation of object recognition in the ASD group. 
??????????????????????????????????????????????????????????????????????????
???????????? ???????? ???????? ???? ?????????? ???????? ????????? ??? ???? ???
group. This should result in a three-way group by context by viewpoint 
interaction. If the context by viewpoint interaction is absent for the ASD group, 
this means that the functional isolation model applies for these individuals. 
?????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????
2. Method
2.1. Participants
Twenty children with ASD (17 boys, 3 girls) and 20 TD children (17 boys, 
3 girls) took part in this study. All children were between 8 and 14 years old 
and had verbal, performance and full-scale IQ scores above 80. Intelligence 
was assessed with a shortened, Dutch version of the Wechsler Intelligence 
Scale for Children, Third Edition (WISC-IIINL; Kort et al., 2005), consisting of 
four subtests: Vocabulary, Similarities, Picture Completion and Block Design 
(Sattler, 2001). None of the participants took psychotropic medication. The 
participants were group-wise matched for gender, chronological age, verbal 
IQ (VIQ), performance IQ (PIQ), and full-scale IQ (FSIQ; see Table 1).
Table 1. ??????????????????? ???????????????????????????????????????????????????
group, as well as t-scores and p-values demonstrating that both groups are 
matched for age, VIQ, PIQ and FSIQ
ASD group
(n = 20)
TD group
(n = 20)
Characteristics Mean SD Mean SD t(df=38) p
Age (in years)
VIQ
PIQ
FSIQ
10.2
105.5
105.6
105.5
1.82
13.14
14.53
12.27
10.6
112.3
107.0
109.6
2.11
12.24
14.44
10.30
0.56
1.68
0.31
1.14
0.58
0.10
0.76
0.26
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Individuals with ASD were recruited through the Flemish Autism 
Association. They all received a formal diagnosis made by a multidisciplinary 
team according to DSM-IV-TR criteria (APA, 2000). All children were enrolled 
in special schools or in mainstream schools with additional guidance. 
The control group was recruited through schools, personal contacts and 
advertisements. None of these TD children presented any neurological or 
????????????????????????????????????????????????? ?????? ????????????????????
or neurological disorder.
2.2. Materials
During the scene perception task black-and-white line drawings of real-
world scenes were presented. Each scene contained one semantically consistent 
object, one semantically inconsistent object and a variable number (0-3) of 
non-objects. In addition, each of these existing objects was shown in its best 
and worst recognizable viewpoint. To determine these views for each object, a 
pilot study was performed with 17 TD children (aged 8-14 years), who did not 
participate in the main experiment. During this study, 40 objects were shown in 
????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
as quickly as possible. A voice key was used to record naming latencies, which 
??????????? ???????????????????????????????????????????????????????????????????
???????????? ???? ?????????? ??????? ???????? ???? ???????? ??????? ????? ??????? ???
viewpoint and of object, and an interaction between the two. Based on these 
??????????????????????????????? ???? ??????????????? ????????? ????????????????
???????????????????????????????????????????????????????????????????????????????
also presented 30 scenes (created by van Diepen & De Graef, 1994) to test which 
scenes could be recognized and named by the children. Twenty-six scenes were 
recognized by all children and 22 of these scenes were used for the main study. 
More information about this pilot is available on request.
In total, 44 stimuli were presented. The 22 objects shown were grouped 
in 11 pairs and each object pair was shown in two scenes: once in a scene 
where object A was semantically consistent and object B was semantically 
inconsistent and once in a scene where the object-scene consistency was 
reversed. Since all objects were shown in a consistent and in an inconsistent 
??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
each object pair was shown two times in both of the scenes: with both 
objects in their best or worst view. We also made sure that the location of the 
midpoint of each object within a particular scene in each of its views was the 
same and this without violation of two other object-context relations: support 
???? ??????????????? ?????????????? ?????? ???? ?? ???? ?? ????????? ??? ???? ???????
degrees between the consistent and the inconsistent object within a scene, 
????????????????????????????????????????????????????????????????????????????????
objects were never presented in the centre of the screen. See Figure 1 for an 
example of one object pair in each of its presentations. The construction of 
the stimuli was completed by the insertion of varying numbers of non-objects 
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(selected from the set created by van Diepen & De Graef, 1994), in such a way 
that the percentage of stimuli with zero, one, two or three non-objects was 
equal (in each case 25%). In total, 90 non-objects were presented.
To record eye-movement patterns, the stimuli were presented on a 
17-inch monitor of the Tobii T120 eye tracker (with a spatial resolution of 
1240 x 768). Eye-movement data were collected at a frame rate of 120Hz. 
??????????????????????????????????????????????????????????????????????????
??????????????? ?????????????????????????????? ??????? ???????????????????????????
?????????????????????????????????? ????????????????? ?????????????? ??? ????
coordinates of the existing objects in the displays, by determining whether 
????????? ????? ??????? ?????????? ????? ??? ???? ????????? ?????????? ??????????? ????
?????????????????????????????????????????????????????????????????????????????
????? ???????????? ????? ???????? ?????????? ?????? ???????? ????????? ??????? ????
?????????????????????????????????????????????????? ?? ?? ???????????????? ???????
???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????
Figure 1. An illustration of the four scenes containing the object pair ‘goat – suitcase’. 
In the two upper displays the object pair is shown in the farm were the goat 
is the consistent object and the suitcase is inconsistent and in the two lower 
?????????????????????????????????????????????????????????????????????????
consistency is reversed. The left and right displays contain the object pair 
in its best and worst viewpoint, respectively. Each scene also contains 0-3 
non-objects.
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2.3. Procedure
All participants were tested individually in a quiet room at the University 
Hospital ‘Gasthuisberg’ in Leuven. They were told that during this task 
images would be presented containing a number of non-objects and that 
they had to count the number of non-objects in the image. Non-objects were 
????????????? ??????????????? ????? ?????????????????????????????????????
never seen before. In order to illustrate the concept and to make sure that 
participants understood it, they were given a page containing existing and 
non (existing) objects and for each of these objects they had to indicate 
whether it was a non-object or not. Afterwards, participants were seated 
??? ?????? ??? ???????????? ??? ?? ????????? ??? ??????????? ?????? ?????? ??????????
a head-and-chin rest to minimize head movements and to keep viewing 
????????? ?????????? ?????????????? ???? ??????? ????? ??????? ??? ???? ???? ?????
was initiated. First, a nine-point calibration of the Tobii was performed. Next, 
participants completed six practice trials before the 44 experimental trials 
?????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
Then, a stimulus was shown for 10s. A pilot study had indicated that 10s was 
????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????? ?????????????
conditions for all scenes and to prevent participants from terminating a scene 
presentation before they had completely examined it. Following this scene 
presentation, individuals had to say how many non-objects were present 
in the scene. During the practice trials, the same scene was then shown 
again and individuals had to indicate the non-objects, allowing us to correct 
mistakes. The experimental trials were grouped in four blocks of 11 trials per 
block, so that the same existing objects did not appear twice in a block and 
that the number of objects shown in a particular view (best vs. worst) was 
equated within a block. All stimuli within a block were presented in random 
order. Between each block, the light was switched on and a short break was 
provided. Before the start of the next block, the nine-point calibration was 
repeated.
Informed consent was obtained from the participants’ parents, 
according to the study protocol, approved by the Ethical Committee of 
the KU Leuven. After testing, participants could choose a reward for their 
????????????????????????? ??????????????????????? ??????????????
2.4. Data analyses
?????????????????????????????????????????????????????????????????????
??????????????????????????? ??????????????????????? ???????????????????????
?????????? ???????? ????? ?????? ??? ?????????? ?????????? ???? ???? ?????? ??? ????
following independent variables was explored: the between-subjects factor 
‘group’ (ASD vs. TD) and the within-subject factors ‘context’ (consistent vs. 
inconsistent) and ‘viewpoint’ (best vs. worst). Since there were several missing 
values, a multilevel analyses was performed (using the MIXED procedure in 
SAS 9.3). For each dependent measure the same multilevel model was tested 
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?????????? ???? ????? ???? ???????????? ??????? ??? ???? ???????????? ??????????? ??
???????????? ?????????p < 0.05 (two-sided) was adopted and a Tukey-Kramer 
correction was used for pairwise contrasts.
Before applying the model, all dependent variables were log-transformed 
to obtain more normally distributed data. Afterwards, data within each category 
(group: ASD vs. TD; context: consistent vs. inconsistent and viewpoint: best 
????????????????????????????????????????????????????????????????????????????????
Z-score higher than 3 or lower than -3. All analyses were performed including 
and excluding outliers. Both ways of analysing yielded the same results. 
Therefore, only the analyses on the full participant sample will be reported. The 
data shown in the graphs and in the tables result from the non-transformed 
variables.
3. Results
Although children with ASD counted on average more non-objects (? 
= 102, SD = 10.66) than TD children (? = 98, SD?????????????????????????????
????????????????t(38) = 1.65; p = 0.11).
Regarding the eye-movement data on the existing objects, we found 
????????????? ???????????????????????????????????????????????????????????????
in an inconsistent context, compared to the same objects in a consistent 
????????? ?????? ??????? ????? ????????????????? ?F(1,38) = 20.97, p < 0.001), a 
?????????????????????????????? ?F(1,38) = 50.28, p < 0.001), a shorter time to 
??????????????F(1,38) = 10.65, p?????????????????????????????????????F(1,38) = 
20.38, p < 0.001).
Additionally, we tested whether our context manipulation was 
successful for all objects in the TD group. This was done by calculating 
???? ?????????? ?????? ???????? ???? ??????????? ???? ???? ????????????? ????????
for all objects and all parameters separately. Four objects did not show the 
????????????????????????????????????????????????????????????????????????
these objects from subsequent analyses. Doing this enlarged the context 
????????p < 0.001 for all parameters). See Table 2 for the corresponding mean 
values and standard errors.
Table 2. ???????????????????????????????????????????????????????????????????????????
group
??????????????
duration
(in ms)
??????????????
duration
(in ms)
?????????????
???????
(in ms)
Fixation count
Context consistent 315.2 (7.2) 1244.6 (31.8) 2347.3 (57.0) 3.6 (0.07)
inconsistent 362.8 (10.8) 1664.9 (37.5) 1642.9 (44.4) 4.6 (0.09)
Viewpoint best 316.8 (7.15) 1306.5 (28.9) 1897.8 (51.1) 4.1 (0.08)
worst 362.5 (11.1) 1614.2 (40.6) 2078.1 (52.6) 4.2 (0.09)
Group ASD 333.8 (7.1) 1454.0 (35.75) 2043.8 (52.9) 4.2 (0.09)
TD 345.3 (11.1) 1464.7 (35.5) 1930.6 (50.8) 4.0 (0.08)
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?????????? ????? ?? ???????????????? ?????? ??? ?????????? ???? ???? ????????
?????????????????????????????????????????????????????F(1,38) = 1.14, p = 0.29). 
???????? ??? ?????? ?????? ????????????? ?????????? ???? ?? ??????? ????? ????????
duration (F(1,38) = 15.52, p???????????????????????????????????F(1,38) = 12.15, 
p??????????????? ???????????????????F(1,38) = 11.48, p < 0.01) compared to the 
same objects in their best view (see Table 2).
Additionally, an ???????????????????????????????????????????????? was 
???????????????????????????????????????????????F(1,38) = 13.79, p < 0.001) and 
?? ???????????????????F(1,38) = 4.60, p < 0.04) (see Figure 2 and 3, respectively), 
????? ?? ??????? ???????? ?????? ???? ???????? ?????????? ??? ?????? ?????? ?????? ???
??????????????????????????????????????????? ?????????? ???????????????????????
????????????????????????????????????????????????????p < 0.001). However, for 
??????????????????????????? ????????????????????????????????????????????????????
in their worst view (p < 0.001), and not for objects in their best view (p = 0.99). 
????????????????????????????????????????????????????????????????????????????
an inconsistent context (p < 0.001), not in a consistent context (p = 0.99). 
?????????????????????????????????????????????????????????????????????????
???????????????????????????????????F(1,38) = 0.95, p???????????????????????????
(F(1,38) = 0.80, p = 0.38).
Concerning the ????????????????????? ??????????????????????????????
???????????????????????????????????????????????????????????????????????????
???? ???? ?????? ????? ??? ????????? ?????????? ????? ???????? ????????? ?F(1,38) = 
0.01, p??????????????????????????????????F(1,38) = 1.10, p???????????? ??????????
?????????F(1,38) = 3.22, p????????????????????????????F(1,38) = 0.04, p = 0.85) 
?????????????????????????????????????????????????? interactions between group 
and viewpoint? ????? ???? ????? ???????? ?????????F(1,38) = 0.18, p = 0.68, see 
?????????????????????????????????????????F(1,38) = 2.56, p = 0.12; for the time to 
?????????????F(1,38) = 0.13, p?????????????????????????????????????????????????
F(1,38) = 3.13, p = 0.08), nor between group and context???????????????????????
duration F(1,38) = 0.01, p??????????????????????????????????????????????????????
F(1,38) = 0.08, p??????????????????? ??????????????????F(1,38) = 1.11, p = 0.30, 
????????????????????????????????????????F(1,38) = 0.55, p = 0.46), indicating 
?????????????????????????????????????????????? ????????????????????????????
the TD group.
???????? ???? ???????? ??? ?? ??????????? ?????? ??? ???????? ?????????????
additional analyses were performed to investigate whether this interaction 
?????? ?????? ??? ?????????? ??? ???? ??????????? ??? ???????? ???? ??????????
interaction between group, context and viewpoint ????????????????????????????
???????? ?????? ?????????????????????? ????????????????? ????? ????????? ????????
duration F(1,38) = 0.16, p??????????????????????????????????????????????????????
F(1,38) = 0.48, p??????????????????? ??????????????????F(1,38) = 0.27, p = 0.61, 
????????????????????????????????????????F(1,38) = 0.58, p = 0.45). This indicates 
????? ?????? ??????????? ??? ???????? ??????? ????? ??????? ???? ????? ??????? ????
??????????????????????????????????????????????????????????????? ??????????????
groups.
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Figure 2. ??????????????????????????????? ???????????????????????????????????????????????
inconsistent), viewpoint (best versus worst) and group (ASD versus TD).
Figure 3. ??????? ?????????????????????? ???????????????????????????????????????????????
inconsistent), viewpoint (best versus worst) and group (ASD versus TD).
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4. Discussion
In the present study, children with ASD and typically developing 
controls were explicitly asked to count the number of non-objects present 
in a scene. Both groups performed equally well on this task. At the same 
time, we measured their eye-movements to investigate implicitly induced 
??????? ????????? ??????? ??? ???????? ???????????? ???? ?????????????? ?????????
???????????????????????????????????????????????????????????????????????????
object processing. Overall, we found the expected context and viewpoint 
?????????????????????????????????????????????????????????????????????????
????????????? ?????????? ???? ???????? ???????? ???????? ?????? ??? ?? ???????????
???????? ????? ??????? ????????? ?????? ???? ????? ?????? ????? ???? ????? ????????
???????????????????????????????????????????????????????????????????????????????
semantically consistent with the scene are easier to recognize and/or easier 
to integrate within the scene (Henderson & Hollingworth, 1999). According 
?????????????????????????????????????????????????????????????????????????????
the enhancement of extra-foveal processing of these objects, reducing the 
???????? ??? ????????? ?????? ?????? ???? ??????? ???????? ?????? ???? ?????????????
???????? ????????? ???????? ??????????? ???????????????? ?????????? ??????? ???
integrate the object within the activated scene-schema. When integration 
??????? ????????????? ????????? ????? ???????????? ?????? ??? ??????? ???? ????????? ????
??????? ???? ????????????? ???????????????????????? ???? ?????????? ???????????
??????????????????????????????????????????????????????????????????????????????
????????????????????????????? ????????????????????????????????????????????????
their best view are easier to recognize. A possible explanation for the faster 
????????????????????????????????????????????????????????????????????????????
?????????????????????????????? ????????????? ??????????????????????????????????
????????????????????????????????? ?????????????????? ????????????????????????
?????????????????? ??????????? ??????????????? ?????????????????????????????
????????????????????????????????????????????????????????????????????????????
the object viewpoint.
?????????????????????????????????????????????????????????????????????
?????????? ??? ???? ?????????????? ??????? ???????? ??????? ???? ???????? ??????????
??? ???????????? ?????? ??????????????? ???? ???? ????? ???????? ?????????? ???? ????????
????????????????????????????????????????????????????????????????????????????????
???? ???????? ???? ??????? ????? ???????? ??????? ???? ????????????? ???????? ?????
context is needed to disambiguate meaning. When objects are perceived 
in ideal conditions, recognition can occur within less than 150ms (Kirchner, 
& Thorpe, 2006; Thorpe, Fize, & Marlot, 1996). This process is so rapid and 
?????????????????????????????????????????????????????????????????????????????
when object recognition becomes harder (e.g., for non-canonical views), 
congruent contextual information can facilitate object recognition (Bar, 2004). 
?????????????????????????????????????????????????????????????????????????????
duration than objects in their best view, but only when the objects were 
????????????????????????????????????????????????????????????????????????????
that a congruent context facilitates object recognition and thus provide 
evidence against the functional isolation model.
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???? ?????? ?????????? ???????? ????????? ????? ???? ????????? ????????
but the main aim of this study was to investigate whether ASD and TD 
??????????????????????????????????????????????????????????????????????? ???????
contextual facilitation of object recognition occurs to the same extent in 
????????????????????????????????????????????????????????????????????????????
parameters. Additionally, both groups displayed equally large viewpoint 
???????? ????? ???? ????????? ?????? ??? ???????? ????????? ?????? ??????????
??????? ????? ????? ??? ?????????? ?????? ???????????? ????????? ????????? ???
predictions based on this theory, both groups also showed equally large 
??????????????????????????????????????????????????????????? ??????????????????
????????????????????????????????????????????????????????????????????????????
operation of a more local, less top-down contextual mechanism. On the one 
?????????????????????????????????????????? ???????? ??? ?????????????????????????
children with ASD would only rely on local context information, then smaller 
??????????????????????????????????????????????????????????????? ??????????
???????????????? ????????????????????????????????????????????????????????????
????????????????????????????????????????????????? ?????????????? ??????????
?????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
in the ASD group are more due to local inter-object priming. On the other 
?????? ???????????????????????????????????????????????????????????????????????
are merely the result of post-perceptual processes, because the interaction 
????????????????????????????????????????????????????????????????????????????
means that in this task a congruent context facilitates object recognition to 
the same extent in children with ASD compared to TD individuals, refuting 
????????????????????????? ????????????????????????????????????????????????????
clear evidence against the WCC account, which predicted smaller global, 
??????????????????????????????? ???????? ??????????????????? ????????????
???????? ??????? ??????? ??????????? ??????????????? ?????????????????????
in ASD is the Enhanced Perceptual Functioning (EPF) theory (Mottron, 
Dawson, Soulières, Hubert, & Burack, 2006). Although there is a great degree 
??? ???????? ???????? ???? ???? ???? ???????? ????????? ????? ????? ?? ?????????
????????????? ?????????????? ????? ???????????????????????????????? ????????
models is the superior local processing in ASD. However, reduced global 
?????????????????????????????????????????????????????????????????????????????
contextual processing is mandatory for typically developing individuals, even 
when it is detrimental to performance, whereas ‘higher-order control over 
perception is not mandatory in autism when it interferes with performance of 
tasks that can be more economically processed locally or using a low-level 
processing mode’ (Mottron et al., p.39). This suggests that individuals with 
ASD will only show reduced global processing when using global information 
is detrimental or irrelevant for task performance. In our paradigm, using 
??????????? ?????????????????? ??? ?????????????????????????????????????????????
object or a non-object and thus helps to perform the task. Based on the EPF 
???????? ????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????
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However, several studies have provided evidence against this theory by 
???????????????????????????????????????????????????????????????????? ??????
performance on the task (Maras & Bowler, 2011) and reduced contextual 
processing in tasks where contextual information improved performance 
(Kamio, Robins, Kelley, Swainson & Fein, 2007). Furthermore, a problem with 
this theory is that it does not provide a clear description of the circumstances 
leading to reduced global processing in ASD. So overall, the EPF theory 
does not provide a better alternative for the WCC account to explain the 
????????????????????????????????????????????????????????????
There is growing evidence that individuals with ASD have no general 
??????? ?????????????????????????? ??????????????????????????????? ? ??????? ???
seeing the bigger picture in daily life, and several studies report reduced 
??????????? ?????????? ??? ???????????????? ??????????????????????????????????
2009; Loth, Gómez & Happé, 2008), whereas other studies demonstrate intact 
??????????? ????????????? ????????? ???????????????????????????????????????
et al., 2006; López & Leekam, 2003; Loth, Gómez & Happé, 2011). However, 
???????????????????????????????????????????????????????????????????????????
??? ???????????? ?????????????????????????????????? ??????????????? ????????????
?????????????????????????????????? ???????????????????????? ?????????????????
??????????????????????????????????????? ????????????????????????????????
social (faces) but not for non-social stimuli (objects or houses; Loth, Gómez 
& Happé, 2010). Benson, Piper and Fletcher-Watson (2009) also reported 
atypical saccadic scanning of a scene in ASD by using a social instruction. 
Another suggestion is made by López and Leekam (2003). They propose 
that individuals with ASD are not generally impaired to use context, but only 
????? ???????? ?? ??????????? ???????? ??????? ??? ???? ???? ??? ????????????????
using sentence context is needed to disambiguate meaning. Furthermore, 
??? ??? ???? ????????? ????? ???? ????????????????????????????? ???????????????????
???????????????????????????????????????????????????? ???????????????????????
drawings (used in our study) compared to richer, more naturalistic stimuli 
(e.g., photos or videos). For example, Loth, Gómez and Happe (2008) found 
??????????????????? ?????????????????????????????????????? ???????????????
ASD when using colour photographs. Yet another possibility is that memory 
??????????????????? ????????????????????????? ??? ?????????? ?????? ?????????????
???????????????????????????? ???????????????????????? ??? ????? ?????????????
context in ASD (Bowler, Gaigg & Gardiner, 2008; Loth, Gómez & Happé, 
??????????????????????????????????????????????????????????????????????? ???
???????????????????????????????????????????????????????????????????????????
and often missed when only looking at the behavioural outcomes of a certain 
process and not at the underlying neurological mechanisms. For instance, in 
an ERP study on context sensitivity in ASD, a normal response pattern was 
????????? ???????????????? ????????????????????????????????? ?????? ??????????
processing (Pijnacker et al., 2010).
?????????????????? ?????????????????????????????????????????? ?????
???????????????????????????????????????????????????????????? ??????????????
????????????????????????????????????????????????????????????????????????????
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not universal for the entire ASD population. Several population characteristics 
that might be important are age, IQ, and severity of ASD symptoms. For 
example, Pijnacker et al. (2010) found deviating ERP responses on a context 
sensitivity task in a high-functioning autism group, but not in participants with 
Asperger syndrome. A limitation of our study is that we miss a quantitative 
measure of ASD symptom severity. All ASD participants had a formal ASD 
diagnosis made by a multidisciplinary team and received special guidance 
at school. Additionally, they performed worse on a more controlled version 
?????????????????????????????????????????????????????????????????????????????
was administered to the same sample, before or after the scene perception 
task. The ASD group made on average more perseveration errors (p = 0.04) 
compared to the TD group and had a higher switch cost in reaction time (p 
?????????????? ????? ??????????? ????????????????? ??? ??????? ??????? ?p = 0.04), 
not on maintain trials (p = 0.33) (for more information about the task and 
????????????? ???????????????????????????????????????????????????????????????
???????????? ????? ???? ????????? ?????? ????? ?????? ????? ???? ??? ?????? ???
another task, although they performed equally well on the scene perception 
task. However we do not know how severe their ASD symptoms are. It could 
????????????????????????????????????????????????????????????????????????
studying younger, lower functioning individuals with more severe ASD traits.
Based on this overview, it is clear that further research is needed to gain 
?????????????????????????????????????????????????????????????????????????????
in ASD individuals.
To conclude, our study demonstrates that individuals with ASD do not 
show reduced top-down processing on an open-ended implicit task requiring 
????????????????????????????????????????????????????????????? ????????????
Our results are more in line with predictions derived from the EPF account, 
but this framework is also not without its problems and is also not capable 
of explaining all current inconsistencies. Although there is growing evidence 
????????????????????????????????????????????????????????????????????????????
research is needed to elucidate the determining factors.
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Abstract
Impaired executive functioning (EF) has been proposed to underlie symptoms 
?????????????????????????????????????????????? ???????? ????????????????????
????????????????????????????????????????? ?????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
sample characteristics on EF in ASD, with an extended test battery designed 
to reduce task impurity. Additionally we studied the relation between EF 
??????????????????????????????????????????????????????????????????????????????
memory and planning) was measured in open-ended versus structured 
assessment situations, while controlling for possible confounding EF 
and non-EF variables.  The performance of 50 individuals with ASD was 
compared with that of 50 age, gender and IQ matched Typically Developing 
????????????????????????????????????????????????????????????????????????????
adolescents) and gender were examined, as well as the correlation between 
age, IQ, ASD symptoms and EF. Individuals with ASD showed impairments in 
???????????????????????????? ???? ??????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
occasionally on participants’ age. This suggests that inconsistencies between 
???????? ???????? ??????? ???????????????? ??? ????????????????????????? ????? ?????
???????????????????????????????????????????????? ????????????????????????????
?????????????????????????????????????????????????????????????????????????????
be controlled for when studying EF. Finally, EF correlated with both social 
and non-social ASD symptoms, but further research is needed to clarify the 
nature of this relationship.
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1. Introduction
Autism Spectrum Disorders (ASDs) are characterized by persistent 
impairments in communication and social interaction and by restricted, 
repetitive patterns of behaviour, interests or activities (DSM-5; American 
Psychiatric Association, [APA], 2013). One of the cognitive impairments 
proposed to underlie (at least some of) these symptoms is executive 
dysfunction (Happé & Ronald, 2008; Hill, 2004; Russell, 1997). However, 
investigating executive functioning (EF) in ASD and its association with ASD 
????????????????????????????????? ???????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
In general, EF is described as an umbrella term covering several interrelated 
but distinct higher-order cognitive functions, serving goal-oriented regulation 
of thoughts and actions (Denckla, 1996; Miyake & Friedman, 2012). Yet, there 
??????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
???????? ?????????? ??? ??????????? ??????????? ??????? ????????? ???????? ????
inhibition: the ability to suppress a certain behaviour or to ignore distracting 
??????????????????????????????????????????????????????????????????????????????????????
?????????????????? ??????????????? ???????????????????????????????????????? ????????
novel ideas; (4) working memory:  the ability to hold certain information active 
while performing a task; and (5) planning: the ability to look ahead before 
????????? ????????????? ??????????? ???????????????????????? ????????????????
have been reported for each of these domains, but many inconsistencies 
emerge (for reviews see, Hill, 2004; Kenworthy, Yerys, Anthony, & Wallace, 
????????????????????????????????????????????????????????????????????????????
in the actual EF disabilities in ASD. Since most studies only examined a 
?????????? ??????????????????????????????????????????? ???????????????????
???????????????? ?????????????????????????????????????????????????????????????
causing inconsistencies. Therefore, this study assessed a wide range of EF 
?????????? ??????????????????????????????????????????????????????????????????
task and sample characteristics independently and providing a broad picture 
????????????????????????
????????? ???????? ????? ????? ????????? ?????? ??? ???????? ?? ????????
EF ability, often leading to inconsistent results (for reviews see, Hill, 2004; 
?????????? ??? ????? ?????? ??????????? ?????????? ?????? ?????? ??? ????? ???????
One possible explanation for these inconsistencies is task impurity: solving 
an EF task always requires a combination of EF and non-EF processes, and 
????????????????????????????????????????????????????????????????????????????
& Rosselli, 2007; Miyake & Friedman, 2012). This task impurity precludes an 
??????????????????????????? ??????????? ???????? ????????????????????? ????????
this problem by measuring each EF domain separately and by controlling for 
the contribution of possible confounding EF and non-EF variables. Firstly, 
by applying a within-subject design where we compare performance on two 
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
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yields a purer measure of that particular EF ability. Secondly, we looked for 
????????????????????????????????? ?????????????????????????? ????????????
?????????? ???? ????? ??? ?????? ???? ????? ????????? ?????????? ??????? ?????????
instruments that claim to assess the same underlying EF ability increases 
????????????????????????????????????????????????????????????????? ?????????
???????? ???????????????????????????????????????????????????????????????? ??
therefore measured each EF domain with several instruments tapping into 
???????????????????????????????????????? ??????????????????????????? ??????????
we sought to dissociate it from any confounding variables. Accordingly, we 
included several non-EF measures that are involved in the EF tasks. Finally, 
???????????????????????????????????????????????????????????????????????????
whether EF impairments remained while controlling for these confounds. 
Confounding variables comprised various non-EF or EF abilities. For 
example, Miyake and Friedman (2012) suggested that inhibition is a common 
???????????????????????????????????????????????????? ????????????????????
whether it remained after controlling for inhibition impairments.
???????? ??????????? ??????????? ???? ????????????? ???????? ??? ???? ???
ASD literature postulates that individuals with ASD are more impaired in 
open-ended compared to highly structured assessment situations (Gioia, 
Isquith, Kenworthy, & Barton, 2002; White, 2013; White, Burgess, & Hill, 
2009). In open-ended (or so-called ‘self-ordered’) tasks, there are several 
possible strategies to perform the task and the participant has to implicitly 
infer the correct behaviour while being free in strategy choice. These tasks 
are considered to be more ecologically valid compared to highly structured 
tasks. In highly structured or constrained EF tasks, explicit instructions clearly 
indicate what the participant has to do and how this has to be done. This 
hypothesis emerged from the striking observation that individuals with ASD 
??????????????????????????????????????????????????? ???????????????????????????
on highly structured laboratory tasks (Kenworthy et al., 2008). White and 
colleagues (2009) compared the performance of children with ASD versus 
Typically Developing (TD) children on a series of constrained versus open-
ended tasks and showed that all open-ended tasks revealed impairments 
in ASD, while none of the more constrained tasks did. In line with this 
hypothesis, we included both an open-ended and a more constrained task 
??????????????????????????????????????????????????????? ??????? ???????????????
(Note that inhibition is hard to measure ‘purely’ with an open-ended task, 
while measuring planning seems to be incompatible with a highly structured 
task). Furthermore, task administration was complemented with parent 
reports of EF in daily life, which may be considered as the most open-ended 
assessment situation.
???????? ??????????? ??? ????? ????????????????? ????????????? ????????
?????? ??? ?????????????? ??? ???? ??? ??????????? ??? ??????? ?????????????????
???????????????????????????????????????????????????? ???? ??????????????????????
their performance with that of an appropriate control group without ASD. 
?????? ???????????????? ???????????? ??????????????????????????????????????????
????? ?????? ???????? ????????? ????????? ?????? ??? ??????????? ???? ???? ??????????
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????????????????????????????????????????????????????? ?????????????????????
Friedman et al., 2006). Age as well has been associated with EF performance. 
????????? ??????????? ????????????? ????? ????? ?????????? ???? ????????? ???
measures depending on task complexity, with maturation being reached 
later for the more complex tasks (for reviews see, Best & Miller, 2010; Best, 
Miller, & Jones, 2009). Given these associations, it is important to control 
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
contribute to the observed inconsistencies between studies (Mottron, 2004; 
Shaked & Yirmiya, 2004). 
?????????? ??????????? ???????? ???????? ??? ????? ??? ???? ??????? ???
????????????????????????????? ?????????????????????????? ?????????????????????
abilities in ASD. Thus far,  few studies have directly investigated this topic. In 
???????????????????????????????????????????????????????????????????????????????
????? ?? ???????? ??????? ??? ??????? ??????? ??? ????? ???? ??????????? ??????????
& Fitzgerald, 2013). Since ASD is far more common in boys than in girls, 
many studies only include boys or ensure that the gender ratio is group-wise 
matched.
In the present study, we investigated EF in children (8-11 years) versus 
adolescents (12-18 years) and in boys versus girls with ASD as compared to 
TD controls, group-wise matched for age, gender, performance IQ (PIQ) and 
???????????????????????????????????? ????????????????????????????????????????????
??????????????????????????????????????????????
??? ????????? ??? ?????????? ?????? ??????????? ??? ??? ???? ??????????
associations with age, gender and IQ, we also aimed to address the 
relationship between EF and ASD symptoms. Executive dysfunctions have 
been particularly related to the restricted, repetitive behaviours and interests 
(RRBIs) of individuals with ASD (Happé & Ronald, 2008; Hill, 2004; Russell, 
??????? ??????????? ? ?????????? ??? ????????? ???????????? ?????????? ???????????
and generativity have been proposed to provoke these RRBIs (Turner, 
1997). Concerning the relationship between EF and social (interaction and 
??????????????? ???? ?????????? ????????? ????????? ??????? ???????? ????????
????? ?????????? ????? ????????? ??? ???? ????? ?????? ????? ??? ???? ???????
problems in ASD (Hill, 2004; Russell, 1997). More recently, however, Happé 
and Ronald (2008) suggested that no single cognitive account can explain 
??????????????????????????????????????????????????????????????????????????
??????? ??? ????????? ???????? ????????? ????? ?????????? ????????????? ??????
????????????????????????????????????????????????????????????????????????????????
we examined the association between EF performance and both RRBIs and 
social problems.
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2. Method
2.1. Participants
One-hundred seventeen Dutch speaking children, aged between 8 
and 18 years, participated in the study. All had a verbal (VIQ), performance 
(PIQ), and full-scale IQ (FSIQ) above 70. Fifty-nine participants had a formal 
diagnosis of ASD, made by a multidisciplinary team according to DSM-IV-TR 
criteria (APA, 2000). Individuals with a neurologic disorder or severe sensory 
constraints were excluded, but 16 participants were diagnosed with a 
co-occurring developmental disorder (one had tic disorder, four had dyslexia, 
?????? ???? ?????????? ????????????????????? ?????????? ???? ???? ??????????????
coordination disorder and two had an anxiety disorder) and six of them 
took psychoactive medication during the study. Fifty-eight participants were 
Typically Developing (TD) children, who were recruited through schools, 
personal contacts and advertisements. According to parental reports, none of 
????????????????????????????????????????????????????????????????????????????????
or psychiatric disorder.
A subset of this total sample was included in the group comparisons. 
???? ?????????????????????????????????????????????????????????? ??????????
??????????????????????????????????????????????????????????????????????????
????????? ????? ???? ??????????????? ?? ????????? ???? ??????????? ??????????
(3di; Skuse et al., 2004), and three TD children who scored 2 SD above the 
mean on the Social Responsiveness Scale (SRS; Roeyers, Thys, Druart, 
De Schryver, & Schittekatte, 2011). Additionally, none of the TD children 
showed repetitive or stereotyped patterns of behaviour as measured with 
????????????????????????????????????????????????????????????????????????
& Lewis, 2000). Participants of both groups were group-wise matched for 
gender, chronological age, PIQ and FSIQ, resulting in two groups comprising 
50 children each. Descriptive statistics for both groups are displayed in Table 
??? ??? ?????? ??? ????????????? ?????????????? ??? ???? ??????? ??? ???? ??????????
versus adolescents) and gender (boys versus girls) on EF in ASD versus TD, 
each of the subsamples were group-wise matched for all other variables (see 
Table A1 in Appendix on p. 93).
Informed consent was obtained from the participants’ parents and 
from participants aged 16 years or older. The study protocol was approved 
by the Medical Ethical Committee of the University Hospitals Leuven and the 
Ethical Committee of the Faculty of Psychology and Educational Sciences of 
the KU Leuven.
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2.2. Measures
First the laboratory tasks were described, followed by a description of 
the EF questionnaire measuring EF in daily life and questionnaires measuring 
ASD symptoms.
2.2.1. Intelligence
Intelligence was assessed with an abbreviated version of the Dutch 
Wechsler Intelligence Scale for Children (WISC-III-NL; Kort et al., 2005) or 
Wechsler Adult Intelligence Scale (WAIS-III-NL; Wechsler, 2005), containing 
four subtests: Vocabulary, Similarities, Picture Completion and Block Design 
(Sattler & Saklofske, 2001). 
2.2.2. Inhibition
A computerized ????????? ???? measures prepotent response 
???????????? ?????? ???? ??? ????????????? ??? ?? ???????? ??????? ?? ????????????
?????? ???? ?????????? ??????? ????? ??? ?????????? ??????? ??????? ?????? ???
circle (20%)) and participants had to press the response button as fast as 
possible (i.e. a Go-trial), except when a triangle was displayed (i.e. a No-Go-
?????????????????????????????????????????????????????????????????????????????
sizes. Visual feedback was provided for 600 ms if participants responded 
incorrectly or too slowly. Successive trials were separated by an intertrial 
???????????????? ????????????????????????????????????????????????????????????????
trial, was followed by a second practice block consisting of 10 trials that 
were identical to the experimental trials. Afterwards, participants completed 
Table 1. Characteristics of the participants matched for gender, age, PIQ and FSIQ
ASD group
(n = 50: 30 M, 20 F)
TD group 
(n = 50: 30 M, 20 F)
?????????????? Mean (SD) Mean (SD) ???????????? p
Age (years)
VIQ
PIQ
FSIQ
SRS a
     Total
     Social Problems
     RRBI
RBS-R: Total b
12.21 (2.58)
104.32 (15.86)
104.32 (13.16)
104.32 (10.83)
101.08 (24.24)
83.38 (20.38)
17.70 (5.57)
28.15 (19.86)
12.48 (2.72)
111.60 (11.38)
103.84 (13.66)
107.72 (9.30)
20.31 (14.06)
18.57 (12.59)
1.74 (1.96)
0.78 (2.06)
F = -0.25
F = -6.97
F = 0.03
F = -2.82
F = 363.20
F = 328.09
F = 356.27
U = 1544.50
.62
.01
.86
.10
<.001
<.001
<.001
<.001
a Data are missing from 8 TD participants; b Data from 32 participants in each group, 
matched for age, IQ and gender.
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120 randomly intermingled trials comprising 20% No-Go-trials. The inhibition 
outcome variable is the percentage No-Go errors. The error percentage and 
mean reaction time (RT) on equally infrequent Go-trials (circles) provides an 
indication of non-inhibitory processes like sustained attention and impulsivity.
The Flanker task is similar to the one described by Christ, Kester, Bodner 
and Miles (2011) and measures resistance to distractor interference. After 
????????????????????????????????????? ???????????????? ????????????????????????
left or right) was displayed and participants had to press the corresponding 
response button (left or right, respectively). On compatible trials the target 
????????????????????????????????????????????????????????????????????????????
as the target (<<<<< or >>>>>). On incompatible (inhibitory) trials, the target 
???? ??????? ??? ????? ??????? ????????? ??? ???? ????????? ?????????? ???<>> or 
<<>???????????????????????????????????????????????????????????????????????
??????????????????????????????????????????? ?????????????????????????????????
a response was made, or until more than 3000 ms elapsed. Feedback was 
provided visually during 1000 ms. After an interval of 1000 ms the next trial 
??????????????????????????????????????????????????????????????????????????
extensive feedback, participants completed 120 randomly intermingled trials 
(60 compatible, 60 incompatible). As outcome measure the inhibition cost 
?????????????? ???????????????????????????????????? ???????????????????
compatible trials.
2.2.3. ????????????????????
The ?????????? ????? ???????? ????? ????? ??????????? ????? ??????????
? ????????? requires self-directed or internally controlled rule shifting and 
is previously described by Van Eylen et al. (2011). This is the more open-
?????? ?????????? ??????????? ?????? ?????? ??? ????????? ????????????? ???? ?????????
about the rules that should be applied, nor that a rule switch will occur. 
????????? ??? ??????????????????? ???? ???????????? ?????????????????????? ???
minimized by reducing social demands, working memory and generativity 
load, and by providing a within-subject calculation of the switch cost. On 
each trial, three cards were presented on a computer screen: one at the top 
and two at the bottom. Participants had to indicate which of the two cards 
at the bottom matched the card at the top, based on either colour or shape. 
The correct sorting rule was not made explicit, but had to be derived based 
on the feedback. The sorting rule changed without explicit warning after a 
variable number of consecutive correct trials. The main outcome measures 
are the mean number of perseveration errors and the switch cost RT (switch 
trial RT minus maintain trial RT).
The Switch task assesses externally controlled rule shifting (based on 
????????????????????????????????????????????????????????????????????????????????
task, because a cue is shown on each trial, explicitly indicating which rule 
should be applied and therefore also providing information about when to 
switch and where to switch to. Similar to the WCST-WCTS social demands 
and other confounds are minimized in this computerized task. Participants 
watched a grid divided into four squares with a double-headed arrow in the 
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centre pointing either horizontally or vertically (1600 ms). After 200 ms, a red 
dot appeared in one of the four squares (1400 ms), followed by an empty grid 
(800 ms). On a diamond-like four-button response box, participants had to 
press the button corresponding with the position of the red dot. If the arrow 
pointed horizontally, participants had to indicate whether the dot was on the 
left or right side of the grid by pressing the left or right button. If the arrow 
pointed vertically, participants had to indicate whether the target was in the 
lower or upper half of the grid by pressing the bottom or top button. After 
two to seven repeat trials a switch trial occurred with the direction of the 
arrow changing position. The task comprised four blocks, each containing 
36 trials (including six switch trials).The task was preceded by two practice 
blocks where feedback (correct/incorrect) was provided. The main outcome 
measures are the switch cost RT and the switch cost error percentage (switch 
trial error percentage minus maintain trial error percentage).
2.2.4. Generativity
The Uses of Objects task (Bishop & Norbury, 2005; Turner, 1999) is 
an open-ended test measuring the ability to generate new ideas (ideational 
?????????????????????????????????????????????????????????????????????????
?????? ????????????????????????? ??????????????????????????? ???????????????????
obvious conventional function (conventional items) and half of them had 
no clear established function (non-conventional items). We intermittently 
?????????? ?? ????????????? ???? ?? ????????????????? ????? ??? ?? ????? ??????
across participants. Scoring was similar to Bishop and Norbury (2005), and 
??????????????????????????????????????????????? ??????????????????????????????
or when merely a description of the object was provided), redundant and 
repetition (a literal repetition of a previous idea) responses. The number of 
correct responses is the main outcome measure, counted for the conventional 
and non-conventional items separately and combined (Total correct 
responses). Additionally, we calculated the total number of responses, and 
the percentage of incorrect, redundant and repetition responses.
The Design Fluency test is part of the Delis-Kaplan Executive Functions 
System (D-KEFS; Delis, Kaplan & Kramer, Dutch adaptation, Noens & van 
Berckelaer-Onnes, 2007a) and is a more constrained generativity task than 
the Uses of Objects task. Although this task is still somewhat open-ended 
(which is necessary to measure generativity), it is more constrained than the 
Uses of Objects task, since several rules are imposed explicitly restricting 
the correct way of performing the task. It consists of three conditions, but 
?????????????????????????????????????????????????????????????????????????????
this condition, rows of boxes were presented on a piece of paper, with each 
box containing the same array of black dots. The participant had to draw a 
?????????????????????????????????????????????????????????????????????????????
and each line had to touch at least one other line at a dot. The number of 
unique and correct designs provides a measure of generativity.
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2.2.5. Spatial working memory
The ???????? ???????? ??????? ???? is part of the Cambridge 
Neuropsychological Test Automated Battery (CANTAB; Cambridge Cognition, 
1996) and assesses the ability to retain and manipulate spatial information. It 
is a self-ordered, open-ended task, because the participant has to work out 
a suitable strategy on his own. A number of boxes (4, 6 or 8) were presented 
???????????????????????????????????????????????????????????????????????????
by touching the correct box. Only one token was hidden at a time, and within 
the same trial it was never hidden in the same box again. A trial terminated 
when the token was found in each of the boxes. The test comprised 12 trials 
(four trials for each box number) and was preceded by three practice trials. 
????????? ???????????????????????????????????? ???????????????????????????????
a token, either because the participant revisited a box in which a token was 
previously found or because the participant revisited a box that was already 
found to be empty during the same search. The main outcome measure is 
the number of errors, counted for the 4, 6 and 8 box trials separately and 
combined (Total errors). Since an organized search strategy can minimize 
working memory load, a summary index of the applied strategy (i.e. the 
???????????????????????????????????? ???????????????????? ???????????????????
as a control measure.
The Spatial Span subtest of the Wechsler Non Verbal-NL (Wechsler & 
Naglieri, 2008) measures spatial working memory. It is a highly constrained 
task, since explicit instructions clearly indicate what the participant has to 
??????????????????????????????????????????????????????????????????????????
???????????????????????? ??? ????????? ??????????????????????? ?????????? ??????
tapped a number of blocks, the participant had to touch the same blocks, 
either in the same order (forward condition) or in reversed order (backward 
condition). Each condition started with a practice trial, followed by 16 
experimental trials (sequentially increasing the number of tapped blocks 
from two to nine, with two trials for each number). The forward condition 
was administered before the backward condition. The number of correct 
trials was counted for the forward and backward condition separately and 
combined (Total correct trials).
2.2.6. Planning
The ?????????? of the D-KEFS (Delis, Kaplan & Kramer, Dutch adaptation, 
Noens & van Berckelaer-Onnes, 2007b) was administered to assess planning. 
Participants had to build a designated tower in as few moves as possible 
???????????????????????????? ??? ???????????? ??????????????????????????????
one disk at a time and never placing a larger disk on a smaller one. At the 
beginning of each trial, the experimenter placed a number of disks on the 
pegs in a predetermined starting position and displayed a picture showing 
the ending position of the disks. The move accuracy ratio (the actual number 
???????????????????? ?????????????????? ????? ???????????????? ???????? ????
???????????????? ??????????????????????????????????????????????????????? ??
?????????? ?????????????????????????? ?????? ???????????
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2.2.7. Motor screening and processing speed
The ???????????????????? is part of the CANTAB (Cambridge Cognition, 
???????????????????????????????????? ?????????????????????????????? ?????????
??????????????????????????????????????????????????????????????????????????????
screen, as fast as possible. Response latency of the correct trials was 
recorded.
RTs on the compatible trials of the Flanker task and on the maintain 
trials of the WCST-WCTS and Switch task were used as a general measure 
of processing speed.
2.2.8. Behavior Rating Inventory of Executive Function (BRIEF) 
The Behavior Rating Inventory of Executive Function (BRIEF) is a 
parent-report questionnaire assessing impairments in EF in daily life (Smidts & 
Huizinga, 2009). We report the four subscales that match with the delineated 
??????????????????????????????????????????????? ??????? ???????????????????
2.2.9. ASD symptoms
The ????????????????????????????????? for children and adolescents 
is a normed questionnaire, developed to assess a wide range of behaviours 
characteristic of ASD (Constantino & Gruber, 2005; Roeyers et al., 2011). 
??? ????????? ??? ???? ?????????? ??????????? ????????? ??????? ??????????? ???????
Cognition, Social Communication, Social Motivation and Autistic Mannerisms. 
By applying factor analysis Frazier et al. (2012) demonstrated that a 2-factor 
model, dividing SRS social and autistic mannerisms scales consistent with 
DSM-5 ‘social communication/interaction’ and RRBIs domains, best explains 
the variance in SRS scores. Accordingly, we summed the scores of the 
‘social’ scales to obtain one index of social (communication and interaction) 
ASD symptoms, while the score on the Autistic Mannerisms scale was taken 
as an index of RRBIs.
The ??????????????????????????????????????????? assesses the RRBIs 
????????? ??? ????????????????????? ???????? ??? ????? ??????? ???? ?????? ?????? ???
reported. The questionnaire was translated to Dutch by translation and 
back-translation. 
2.3. Procedure
Participants were tested individually in a quiet room, either at the 
University Hospital or at school. Besides the tasks described above, 
additional local-global visual processing tasks were administered as part 
of another study (see Chapter 5 in this dissertation). The whole testing 
took about four hours, divided into four 1-h sessions. Enough breaks were 
provided to avoid fatigue. Even for the computerized tasks, it was possible to 
take a break whenever necessary. When the participant became inattentive 
(failed to respond during stimulus presentation) the task paused and was 
only resumed when he/she was ready. Additionally, computerized tasks were 
alternated with other task formats to provide enough variation. To avoid order 
???????????????????????????????????????????????????????????????????????????
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counterbalanced. Participants received a small reward for their participation.
Computerized tasks were run on a Dell Latitude E6400 notebook. 
Stimuli of the Go/No-Go, Flanker and Switch task were presented on the 
notebook’s screen. For the other computerized tasks, a 17-in. Elo Entuitive 
touch screen was used. 
Questionnaires were completed by the participants’ parents.
2.4. Data analyses
Prior to analysis, appropriate transformations (square root or logarithm 
base 10) were applied if necessary to obtain normally distributed variables. 
In the tables, the values for the mean and standard deviations result from the 
raw, non-transformed variables. For the RT data, only the correct trials were 
used and within-subject outliers (> 2.5 SD of the participant’s own mean) 
were excluded. Group outliers (> 2.5 SD of the group mean) were excluded 
for all variables. Analyses were performed with and without exclusion of 
????????????????????????????????????????????????????????????????????????????????
after outlier exclusion. As analyses with and without outlier exclusion yielded 
essentially the same results, for the former set of variables only analyses 
including group outliers are reported.
???? ??? ???? ?? ????????????? ?????? ?? ?????????? ?????? ???? ?????????????
versus adolescents), gender and all two-way interactions were investigated. 
The three-way interaction between group, age and gender was not included in 
the model, because the number of observations in each cell was too small to 
produce reliable results. An adapted backward model selection procedure was 
???????????????????????????????? ?????????????????????????????????????? ??????p-value 
?? ???? ????? ????????????? ??? ???????? ???? ???? ?????????? ???????? ???? ?????????
??????????????????????????????????????????? ???????????????????????????????
Akaike and Bayesian Information Criteria (AIC and BIC respectively; Burnham, 
???????????????????????? ????????????????????? ??? ???????????????? ?????????????
group was our main interest, it was always included in the model. Whenever 
?????? ??????????? ????????? ??? ????????? ???????? ?????? ????????? ??????
controlling for possible confounding variables. For all additional EF and non-EF 
?????????????????????????????????????????????????????????????????????? ????
measures. Repeated-measures mixed model analyses were used when within-
subject variables were included (for the main outcome measures of the Uses of 
Objects task, the Spatial Working Memory test and the Spatial Span test), and 
to analyse the repeated measures of the processing speed variables. For scores 
that could not be transformed to a normal distribution, non-parametrically Mann-
Whitney U tests were used (% Go errors and RBS-R Total score). Post-hoc tests 
were corrected for multiple comparisons using Tukey-Kramer correction. A 
?????????????????????p < .05 (two-sided) was adopted for all analyses. For all main 
EF measures, Cohen’s d ???????????????????????????????????????????????? ?????
?????????????????????????????? ?????????????????? ????????????????????????????
???????????????1?????2?????????????????????????????????????????????? ??????????????
small, values around 0.5 are medium and values of 0.8 or above are considered 
?????????????? ????????????
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Spearman (partial) correlations were calculated (on the entire sample, 
N = 117) to investigate the association between EF measures and age, FSIQ 
and ASD symptoms.
For some variables there were missing data, mostly limited to one 
participant per measure. On the RBS-R we have many missing data because 
it was added to the protocol at a later stage. For the Uses of Objects Task 
only data of the participants included in the matched sample were scored.
3. Results
3.1. Group comparisons
Table 2 displays descriptive statistics for both groups based on the 
??????????? ???????????? ????????????????????????????????????????????????
comparing ASD versus TD are presented in Figure 1. Descriptive statistics 
for both groups for the additional EF and non-EF measures are displayed in 
Table 3. Descriptive statistics comparing children versus adolescents on the 
main EF measures are displayed in Table 4.
3.1.1. Inhibition
On the ????????? ????, the percentage No-Go error was higher in 
individuals with ASD compared to TD individuals. Additionally, children made 
more No-Go errors compared to adolescents. For RT and percentage errors 
on equally infrequent Go trials, both groups performed comparably.
On the Flanker task?????????????????????????????????
3.1.2. Cognitive Flexibility
On the ?????????, the ASD group made more perseverative errors 
than the TD group, and children made more perseverations than adolescents. 
?????????????????????????????????????????????????????????????????????????????
in the ASD group.
On the Switch task, the switch cost RT was similar for both groups, but 
higher in children than adolescents, and higher in girls than boys (F(1,95) = 
4.2, p = .04). The switch cost error percentage was higher in the ASD group, 
??????????????????????????????????????????????????????????????????????????????
F(2,92) = 4.34, p = .01). Moreover, children in the ASD group had a higher 
switch cost error percentage than adolescents (t(45) = 2.89, p = .02), while no 
????????????????????????????????????????t(47) = -0.55, p = .95). 
??????????? ?????? ??????????? ??? ????? ?????????? ??????????? ??????
remained stable after controlling for inhibition impairments (i.e. percentage 
No-Go error), with more perseverative answers on the WCST-WCST for ASD 
individuals (F(1,89) = 6.21, p = .01) and a higher switch cost percentage 
errors on the Switch task (F(1,88) = 7.85, p???????????????????????????????????
??? ???? ??????? ????? ???? ?????? ????? ??????????? ???? ???? ????????? ??????? ??
Age interaction: F(2,88) = 3.06, p = .05; children ASD versus TD: p = .003; 
adolescents ASD versus TD: p = .11).
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Table 2. Performance on the main outcome variables per group per EF task. P-values are 
?????????? ???? ???? ?????? ??? ?????? ??? ????????? ????? ??????? ????? ??? ?????? ???? ???????????
interactions with age, gender and/or task condition; based on contrast analysis with 
?????????????????????????? ???????????????? ??????????????????????????????????????? ?????
are also reported.
ASD (n = 50) TD (n = 50)
Effect of 
clinical group 
or subgroup 
(p-value)Measures per EF domain Mean (SD) Mean (SD) F-value ????????????????????????
EF tasks: 
  Inhibition
    Go/No-Go task
       % No-Go errors 24.75 (15.8) 17.75 (11.84) 5.09 .03 Age***
    Flanker task
       Inhibition cost RT (ms) 44.31 (27.28) 44.15 (22.53) 0.15 .69 -
       Inhibition cost % errors 2.96 (3.84) 2.40 (3.05) 0.64 .43 -
??????????????????????
    WCST-WCTS
       Switch cost RT (ms) 516.03 (255.92) 438.01 (268.0) 2.84 .09 -
       Perseverative errors 1.33 (1.52) 0.62 (0.48) 8.49 .004 Age**
    Switch task
       Switch cost RT (ms) 344.11 (129.9) 332.75 (115.17) 0.16 .69 Age*, Gender*
       Switch cost % errors 3.59 (5.15) 1.02 (3.04) 9.90 .002 Group x Age*
          Children 5.34 (5.99) 0.69 (3.23) 15.34 .001  
          Adolescents 1.91 (3.58) 1.33 (2.88) 0.25 .96  
  Generativity
    Uses of Objects task      
       Correct responses 6.44 (3.07) 8.60 (3.45) 12.46 < .001 Age***, IT***, IT x Age**
    Design Fluency test      
       Correct responses 7.72 (2.52) 8.36 (2.78) 1.53 .22 Age***
  Spatial working memory
    Spatial Working Memory test      
       Errors 12.33 (6.68) 10.02 (6.56) 4.13 .04 Group x NBox*,  Age***, 
NBox***,         Age x 
NBox***
          Errors 4 boxes 0.90 (1.46) 0.80 (1.36) 0.004 1  
          Errors 6 boxes 9.82 (6.92) 8.36 (6.96) 0.81 .95  
          Errors 8 boxes 26.27 (14.1) 20.9 (13.66) 11.36 .01  
    Spatial Span test   
       Correct trials 7.55 (1.8) 8.06 (1.39) 2.85 .09 Age***
  Planning
    Tower test      
       Move accuracy ratio 1.88 (0.50) 1.78 (0.41) 1.34 .25 -
EF questionnaire:
  BRIEF
    Inhibition 19.56 (5.64) 13.77 (3.19) 40.58 <.001 Group x Age**
          Children 21.87 (5.68) 13.55 (3.32) 37.33 <.001  
          Adolescents 17.44 (4.79) 13.96 (3.13) 7.90 .03  
    Shifting 17.67 (3.83) 10.74 (2.75) 109.15 <.001 -
    Working Memory 20.9 (5.61) 14.81 (4.25) 35.43 <.001 -
    Planning 23.92 (5.53) 18.19 (4.32) 31.52 <.001 -
* p < .05; ** p <.01; *** p <.001; Age = children versus adolescents; IT = Item Type (conventional 
versus nonconventional); NBox = Number of Boxes (4, 6, or 8)
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Figure 1. ?????????????????????????????????????????????????????????????SD]) and 95% 
???????????? ???? ????? ???? ????????????????? ??? ??????????????? ?????????
EF measures. Positive scores indicate better performance for TD individuals 
compared to individuals with ASD
SD???????????????????
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Table 3. Group comparisons for ASD versus TD on additional EF and non-EF 
measures
ASD (n = 50) TD (n = 50)
Measures Mean (SD) Mean (SD)
Test-
statistic p
Go/No-Go task
     Infrequent Go-trials: 
          % errors
          RT (ms)
Uses of Objects task
     Number of responses
     % incorrect responses
     % redundant responses
     % repetitions
Spatial Working Memory 
test
     Search strategy
Tower test
     Time per step (sec)
     First step latency (sec)
Motor Screening test
     Response Latency (ms)
Processing Speed (ms)
     Flanker RT compatible
     trials
     RT maintain trials
          WCST-WCTS
          Switch task
0.32 (1.36)
397.86 (58.22)
38.96 (18.06)
46.48 (13.45)
17.03 (9.16)
6.67 (5.33)
34.86 (4.04)
3.39 (1.16)
4.69 (1.94)
849.06 (252.72)
518.88 (134.62)
971.81 (374.31)
572.73 (114.76)
0.32 (1.10)
413.20 (44.21)
38.80 (19.28)
37.56 (17.35)
11.95 (7.29)
5.86 (5.79)
34.06 (5.08)
3.59 (1.97)
3.88 (1.96)
866.53 (260.82)
479.63 (58.08)
917.26 (269.29)
550.65 (89.90)
U = 2502
F = 2.24
F = 0.00
F = 8.27
F = 9.20
F = 0.53
F = 0.75
F = 0.07
F = 5.32
F = 0.12
F = 2.46
F = 0.51
F = 0.73
.73
.14
.97
.005
.003
.47
.39
.79
.02
.73
.12
.48
.39
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Table 4. Comparison of children versus adolescents on the main EF measures
Children 
(n = 49)
Adolescents 
(n = 51)
Measures per EF domain Mean (SD) Mean (SD) F-value p
EF tasks: 
  Inhibition
     Go/No-Go task
       % No-Go errors 27.38 (15.52) 15.36 (10.15) 22.22 <.001
     Flanker task
       Inhibition cost RT (ms) 47.82 (25.90) 41.07 (23.77) - -
       Inhibition cost % errors 3.12 (4.02) 2.27 (2.83) - -
??????????????????????
     WCST-WCTS
       Switch cost RT (ms) 499.57 (271.42) 456.52 (258.05) - -
       Perseverative errors 1.31 (1.34) 0.70 (0.95) 10.44 .002
     Switch task
       Switch cost RT (ms) 364.64 (127.61) 312.64 (111.99) 4.63 .03
       Switch cost % errors 2.97 (5.28) 1.62 (3.22) - -a
  Generativity
     Uses of Objects task     
       Correct responses 6.24 (2.99) 8.75 (3.39) 16.89 < .001
     Design Fluency test     
       Correct responses 6.88 (2.17) 9.16 (2.63) 22.20 < .001
  Spatial working memory
     Spatial Working Memory test     
       Errors 14.89 (5.56) 7.65 (5.73) 42.92 < .001
     Spatial Span test   
       Correct trials 7.08 (1.46) 8.50 (1.46) 24.32 < .001
  Planning
     Tower test     
       Move accuracy ratio 1.90 (0.43) 1.77 (0.48) - -
EF questionnaire:
  BRIEF
      Inhibition 17.80 (6.25) 15.70 (4.37) - -a
      Shifting 14.49 (5.01) 14.02 (4.66) - -
      Working Memory 18.78 (6.50) 17.08 (5.07) - -
      Planning 21.58 (6.29) 20.64 (5.18) - -
???????????????????????????????????????? ????????????????????????????????????????F 
and p??????????????????????????????????????????????? ?????
a???? ?????????????????????????????????????????????????????????????????????
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3.1.3. Generativity
Individuals with ASD generated fewer correct answers on the Uses 
of Objects task, due to a higher percentage of redundant and incorrect 
responses. However, the total number of responses and the percentage 
of literal repetitions were equal in both groups. Furthermore, more correct 
answers were given on non-conventional compared to conventional items 
(F(1,100) = 163.84, p < .001), and by adolescents compared to children. 
?????????????????????????????????????????????????????????F(1,100) = 6.76, p 
?? ??????????????????????????????????????? ????????????????????? ?????? ?t(157) 
= 4.86, p < .001; conventional: t(157) = 2.31, p??????????????????????????????
????????????????????????????????????????????????????????????????????????
to conventional, children: t(100) = 7.14, p < .001; adolescents: t(100) = 11, p 
< .001). After controlling for VIQ and inhibition impairments (% No-Go errors), 
?????? ??????????? ????????? ???? ????? ???? ???? ??????? ??? ???????? ?????????
???? ?????????????????? ?????????????? ????????????????????????????????????
???????????????????????????????????????????p = .01).
Both groups generated a similar number of correct responses on the 
Design Fluency test, but adolescents generated more correct answers than 
children.
3.1.4. Spatial Working Memory
On the ???????? ???????? ??????? ?????? ?? ????? ?????? ??? ?????? ????
??????????? ???????????????????????????????????????????????????????? ??? ????
??????? ????????????????????????????????????????????????????????????????? 
F(2,198) = 4.00, p = .02). Individuals in both groups made more errors as the 
number of boxes increased (F(2,198) = 301.18, p < .001). Children also made 
more errors than adolescents, but only on trials with six or eight boxes (Age 
x Number of Boxes interaction: F(2,198) = 22.96, p < .001; children versus 
adolescents: 4 boxes: t(263) = 0.58, p = .99; 6 boxes: t(263) = 4.53, p < .001; 
8 boxes: t(263) = 8.84, p < .001). After controlling for inhibition impairments, 
???? ??????????????????????????????????????????p??????????????????????????????
???????????????????????????????????????????????????????????????????????????
groups.
??????????????????????????????????????????????Spatial Span. There 
??????? ??????????????????????????????????????????? in ASD. Children had a 
smaller spatial span than adolescents.
3.1.5. Planning
???????????????????????????????????????????? ????????????????????????
on the ???????????????????????????????? ????????????????????? ?????????????
ratio nor for the mean time per step.
3.1.6. Motor screening and processing speed 
?????? ??????????????????????????????? ??????????????????? or on any 
of the processing speed measures.
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3.1.7. BRIEF
?????????????????????????????????????????????????????????? ????????
individuals on all analysed subscales of the BRIEF: inhibition, shifting (or 
?????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
for both age groups (Group x Age interaction: F(2,91) = 4.84, p = .01). 
?????????????????????????????????????????????????????????????????????t(48) = 
3.08, p = .01; TD group: t(48) = -0.47, p = .97).
3.2. Correlations
Table 5 displays correlations between main EF measures and age, 
FSIQ and ASD symptoms.
3.2.1. Correlations with age and FSIQ
Increasing age was generally associated with better EF performance 
on the tasks: fewer errors on the Go/No-Go task, the WCST-WCTS and the 
Spatial Working Memory task; a lower switch cost (% errors and RT) on the 
Switch task and a lower inhibition cost RT on the Flanker task; and more 
correct answers on the Uses of Objects, the Design Fluency and the Spatial 
Span task. Age was also negatively correlated with inhibition problems as 
measured with the BRIEF. There was also a trend for a negative correlation 
between age and inhibition cost % errors of the Flanker task. The number of 
restricted, repetitive behaviours as measured with the RBS-R decreased with 
age as well.
Likewise, higher FSIQ was associated with better EF performance on 
the tasks: fewer errors on the WCST-WCTS and the Spatial Working Memory 
task; a lower switch cost RT on the Switch task; and more correct answers on 
the Uses of Objects, the Design Fluency and the Spatial Span task. FSIQ was 
also negatively correlated with all BRIEF scales and ASD symptomatology as 
measured with the SRS and the RBS-R.
3.2.2. Correlations between EF measures and ASD characteristics
A higher score on social problems and RRBIs as measured with the 
SRS was associated with poorer EF performance: more perseverative errors 
on the WCST-WCTS, a higher switch cost (% errors) of the Switch task, fewer 
correct answers on the Uses of Objects task, a higher score on all BRIEF 
scales and a trend for a higher percentage No-Go errors. Additionally, a trend 
was observed for a positive correlation between social problems and the 
move accuracy ratio of the Tower test and between RRBIs and the number of 
correct trials of the Spatial Span task.
Similarly, a higher score on RRBIs as measured with the RBS-R total 
???????????????????????????????????????????????????????????????????????????
of Objects task and a higher score on all BRIEF scales. Also a trend for a 
higher percentage of No-Go errors was observed.
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4. Discussion
4.1. ??????????????????????????????????????????????????????????????????
tasks
Compared to TD individuals, individuals with ASD showed impairments 
in all EF domains, with the most pronounced and most consistently found 
???????? ??? ?????????? ???????????? ??? ? ?????????? ????? ?????? ??? ???? ??? ????
???????? ????????? ???? ??? ?????? ??????????? ????????? ?????? ????????????
???? ????????? ??????????? ??????????? ????? ???? ????????? ?????? ???????????
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
domain depended on task characteristics and occasionally on the age of the 
participants. For inhibition, individuals with ASD showed impaired prepotent 
response inhibition (Go/No-Go task), but intact resistance to distractor 
interference (Flanker task). Correspondingly, Hill (2004) postulated that 
inhibition of prepotent responses is particularly impaired in individuals with 
ASD, with sparing of other types of inhibition. However, recent meta-analyses 
indicated problems with both prepotent response inhibition and interference 
???????????????? ?????????????????????????????????????????????????? ?????????
????????????? ????????????? ?????????????????????????????????????????????????
??????????? ??????????? ??? ???????? ???? ?????????? ???????????? ????????????? ????
working memory, two tasks were included per domain, varying in the degree 
??????????????????? ????????????????????????????????? ?????????????? ????
pronounced and stable over development for the more open-ended tasks. 
??????????????????????????????????????????????????????????????????????????????
??? ?????????????????????????????? ??????????????????????????? ??????
for both age groups, while on the more structured Switch task impairments 
?????????????????????????????????????????????????????????????????????????????
previous reports of impaired performance on the WCST-WCTS (Van Eylen 
et al., 2011) and intact performance on the Switch task for adults with 
???? ?????????????????????????????????????????????????????????????????? ??????
individuals with ASD made more switch errors but had comparable switch 
?????????????????????? ???????????????????? ???????????????????????????????
?????????????????????????????????????????????????????????????????????
ended tasks (Uses of Objects and Spatial Working Memory), but not on the 
??????????????????????????????????????????????????????????????????????????
on the Uses of Objects task the total number of responses and the percentage 
of literal repetitions were equal in both groups. However, ASD individuals 
generated fewer correct answers due to a higher number of incorrect and 
??????????????????????????????????????????????????????????????????????????
of generativity problems in individuals with ASD when measured with the 
Uses of Objects task (Bishop & Norbury, 2005; Dichter, Lam, Turner-Brown, 
???????????????????????????????? ?????????? ????????????????????????????????
????????????????????????????????????????????????????????????????????????
& Lai, 2005). When reviewing spatial working memory studies, largely 
??????????????????? ?????????? ????????? ??????????????????????????? ??????
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with more spared performance on spatial span tasks (Kenworthy et al., 2008). 
Regarding planning, we observed subtle impairments on the Tower test, as 
individuals with ASD appeared to need more time to generate a plan, but they 
executed the plan in a similar manner as TD individuals. Most other studies 
investigating planning abilities observed problems in individuals with ASD, 
however, intact performance has also been reported (for a review see Hill, 
2004; Kenworthy et al., 2008). Finally, the most open-ended EF measure (the 
????????????????????????????????????????????????? ???????????????? ??????????
?????????????????????????????????????????????????????????????????????????????
and planning).
Taken together, our study indicates that individuals with ASD show 
????? ??? ?? ???????? ??? ??????????? ????????? ?????? ?????? ????? ???? ???????????
tasks) than on more structured tasks. Some EF impairments were even 
restricted to open-ended situations only. However, the implications of these 
????????????????????????????????????????????????????????????????????????????
are more taxing and require more executive control, hence making them 
more sensitive to EF impairments, whereas highly constrained tasks provide 
more structure and organization, thereby relieving the EF demands (Gioia et 
al., 2002). Accordingly, it may be concluded that EF impairments in ASD are 
rather subtle, as they preferentially show up in taxing open-ended situations. 
An alternative view refers to the task impurity problem and suggests that 
poorer EF performance that is restricted to open-ended situations is not due to 
??????????????????????????????????????????????? ?????????????????????????????
inherent to unconstrained tasks. This view is recently gaining traction with 
several theories postulating that impairments on open-ended EF tasks may 
result from another underlying cause. For example, White (2013) stresses 
that unconstrained, open-ended tasks do not provide explicit instructions 
indicating what to do and how to do it, but that this information has to be 
inferred implicitly. She further hypothesizes that individuals with ASD have 
an impairment in ‘Inferring Implicit Information’ (Triple I impairment), due to 
?????????????? ???????????????????? ?????? ? ???????????????????????? ???????
According to Gomot & Wicker (2012), executive processes closely rely on 
?????????????????????????????????????????????????????????????????????????????
contingencies. They argue that individuals with ASD are particularly poor at 
dealing with information that is rather unpredictable and less controllable 
(as in open-ended tasks), because they have a dysfunction in the ability to 
????????????????????????????????????????????? ??????
?????????????????????? ???????????????????????????????? ?????????????
????????? ?????????????????????????????????????????????????????????????????????
since these impairments were also found on highly constrained, ‘pure’ tasks. 
Additionally, subtle working memory problems are suggested, because 
???????????????????????????????????????????????????????????????????????
????? ???? ???????? ??? ???? ??????????? ???????? ???????? ??????? ????? ?????
????????????????????????? ?????????????????????????????????????????????????
equally open-ended conditions of the Spatial Working task was spared, this 
???????????? ??????????????????????? ?????????????????????????????????????
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the open-endedness of the task, but rather points to subtle working memory 
problems that only show up in taxing situations. Problems with generativity 
and planning were also only observed in open-ended assessment situation, 
???? ??? ??? ??????????????????? ?????????????????????? ?????????? ? ?????????? ???
these EF domains or result from the open-ended nature of the measurements. 
Further research is needed to provide clarity.
4.2. ????????????????????????????????????????
??? ???????? ?????????? ?????? ?? ???? ??? ?????? ?? ?? ????????????
??????????????????????????????????????????????????? ??????????????????????????
task, with higher switch cost RT for girls than boys.
????????????? ???? ??????? ??? ????? ?????? ???? ?????????????????????????
reports (for a review, see Best et al., 2009; Best & Miller, 2010). Generally, 
????????????????????????????? ??????????????????? ???????????? ??????????????
depended on the task and the complexity of the tasks conditions. Evidently, 
task conditions targeting processes that mature the most during adolescence 
???????????????????????????????????????????????????????????? ??????????????
?????? ???? ?????????? ???? ??????? ????? ????? ????????? ???? ???? ????? ?? ?????
conditions (six and eight boxes). This suggests that the performance on 
the 4-box items already matures around the age of 12 years, while working 
memory development continues throughout adolescence for more complex 
conditions (Best et al., 2009). On the Uses of Objects task, however, 
adolescents outperformed children only for the easier non-conventional 
items (easier than conventional items probably because they do not require 
?????????????? ????? ???? ??????????????????????? ????? ??????????? ?????????
?????????????????????????????? ?????????????????????????????????????????????
performance on these items has not yet matured in adolescence, while this 
might be the case for the non-conventional items. On several measures, no 
??????????????????????????????????????????????????????????????????? ??????
level. Regarding the Flanker and the Tower Task, this corresponds to review 
??????????????????????????? ?????????????????????????????????????????????????
2007; Best et al., 2009). On the WCST-WCTS, children needed more trials 
to perform a switch (made more perseverative answers), but when a switch 
was made they had a comparable switch cost RT than adolescents. Finally, 
?????????????????????????? ????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
planning and rather stable performance from nine years onwards for shifting 
and working memory (Smidts & Huizinga, 2009). The results of the correlation 
??????????????????????????????????????????????????????????????????????????
???? ????????????? ????? ??????????? ????????????? ??? ????????????? ????? ?????
????????????????? ?????????????????????????????
??? ????? ????????? ??? ???? ????? ?????????? ????? ????????? ??? ????????
???????????????? ???????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
??????????? ????????? ?????????????????????????????????????? ????????????????
all EF domains, except for planning.
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Better EF performance was also associated with higher FSIQ, 
although on the task measures no such correlation was found for inhibition 
and planning. Friedman et al. (2006) also found that working memory was 
associated with intelligence, while inhibition was not.
????????? ???? ???????? ?????????? ???? ??????????? ????????? ???????? ???
???????? ???????????????????????????????????????????? ??? ????????? ???????????
??????????? ??? ?????? ?????????? ???? ?????????? ?????????? ????? ??????? ???
??????????????????????????????????????????????????????????????????????????????????
study, this was done by matching the groups for age, PIQ and FSIQ. Since 
?????????????????????????????????????????????????????????????????????????????
???????? ??? ???? ?????????? ???????????????????? ??????????? ???? ?????? ??????
?????????????????????????????????????????????????????????????????????????
studies (Dennis et al., 2009; Jarrold & Brock, 2004). Moreover, since the 
??????? ??? ???? ???? ??? ????????? ??????? ??? ???? ???????????? ???? ? ????? ???
controlling for their contribution will be task dependent. Furthermore, it is 
important to be aware of the potential risks being associated with controlling 
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????
??????????? ??? ??? ???????????? ???????? ??? ???? ???? ????????????
????? ???? ?????????? ??? ???????? ??? ????? ???? ????? ?????? ?????? ??????????????
such a group by gender interaction in children did report larger response 
inhibition impairments of individuals with ASD in girls compared to boys 
(Lemon, Gargaro, Enticott, & Rinehart, 2011). However, Lai et al. (2012) failed 
??? ?????????? ????? ??????? ?????????????? ???????????????????????????????????
interaction for generativity impairments either, in line with our results (for a 
????????????????????????????????????????????????????????????????????
??? ???? ?????????? ????????? ?????? ???? ?? ??????????? ?????? ??? ????
interaction. Children and not adolescents with ASD showed increased switch 
cost errors on the Switch task and reported more pronounced inhibition 
????????? ??? ???? ??????? ??????????????? ???? ????? ????????? ??? ???? ???????
were observed in TD individuals, while adolescents with ASD outperformed 
children with ASD. Accordingly, these impairments may represent a 
developmental delay in ASD individuals that gradually resolves (or at 
least reduces) while growing older. Alternatively, with increasing age, ASD 
individuals might mobilize compensatory mechanisms to (partly) overcome 
their impairments. Indirect support for the latter is provided by a neuroimaging 
study demonstrating intact behavioural performance but atypical brain 
activity in adults with ASD performing the Switch task (Schmitz et al., 2006). 
Nevertheless, all other EF impairments in ASD remained stable throughout 
????????????????????????????????????? ????????????????????????????????????
?????????????????????????????????????????? ????????????????????????
??????????????????????????? ?????????? ?????????????????? ?????????????
age or gender only contribute marginally to the reported inconsistencies in EF 
impairments in ASD.
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4.3. EF and ASD symptomatology
Finally, we investigated the association between EF and ASD symptoms. 
?????? ???? ??????????? ???????????? ???????? ???? ????????? ???? ????????? ????
FSIQ, and between RRBIs (as measured by RBS-R) and age, correlations 
between EF and ASD characteristics were corrected for FSIQ and age. Overall, 
we observed that poorer EF performance was associated with more social 
problems and RRBIs. Performance on some EF measures was even more 
correlated with social problems than with RRBIs, contradicting the view that EF 
would selectively relate to RRBIs (Happé & Ronald, 2008).
???????????????????????????????????????????????? ??????????????????????
????????? ???? ???????????? ???? ????????????????? ????????????????? ???????
tasks, more ASD symptoms were mainly associated with reduced cognitive 
??????????? ???? ????????????? ????? ????? ????? ????????? ????? ???? ???????????
??????????????????????????????????????????????????????????????????????????????
association between both symptom domains and response inhibition and 
between social ASD problems and planning. Note however, that the correlation 
??????????????????????????????????????? ?????????????????? ???? ???????? ????
the RBS-R, possibly because it was based on a smaller sample. Furthermore, 
when EF measures were based on parent report (measured with the BRIEF), 
stronger associations were found and both ASD symptom domains were highly 
???????????????????????? ??????????????? ?????????????????????????????????????????
working memory, planning and particularly shifting. These stronger associations 
are maybe due to a common informant bias between the EF and symptom 
????????? ????? ????? ????? ?????? ??? ??????? ???????? ????? ???????? ??? ????????
suggests that the mixed results in the literature concerning the association 
??????????????????????????????????????????????????????????????????????
???????????? ???????????? ???????????????????????????????????????????????????
Brunsdon & Happé, 2014).
Also note that the observation of a correlation between EF and ASD 
symptom severity does not imply a causal relationship. Executive dysfunction 
accounts of ASD postulated that impaired EF causes (some) ASD symptoms, 
as it mediates the relationship between brain abnormalities and behaviour 
(Happé & Ronald, 2008; Hill & Frith, 2003; Russell, 1997). However, more recent 
?????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
cause and that EF impairments moderate the relationship between biological 
factors and ASD symptomatology. In his view individuals with strong EF skills 
are better able to compensate for atypicalities in brain systems early in life, and 
are therefore less likely to receive a (severe) diagnosis later in life. In other words, 
poor EF skills are considered an additional risk factor for developing ASD. Other 
authors suggested that impairments on EF tasks and ASD symptoms have 
a common underlying cause, creating a spurious correlation between them. 
According to White (2013), they are both due to mentalizing and Theory of Mind 
?? ??????????????????????? ??????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
test these views (for some suggestions, see Brunsdon & Happé, 2014).
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5. Conclusion and future perspectives
?????????????????????????????????????????????????????????????????????
on a wide range of EF abilities in individuals with ASD and matched TD 
controls. EF was measured with an extensive battery designed to reduce 
task impurity. Thereby, new insights emerged in the inconsistencies between 
studies examining EF abilities of individuals with ASD. These inconsistencies 
???????? ????? ??? ??????? ????? ??????????? ??? ????? ???????????????? ?????? ?????
??????????? ???????? ??? ??????????? ????????? ??? ??????? ???????????
???????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
be controlled for when studying EF. Additionally, although EF impairments 
were associated with more severe social and non-social ASD symptoms, 
further research is needed to clarify the nature of this relationship.
????????????????????????????????????????????????????????????????????
issues are still awaiting further exploration. Here, we list a few prominent 
ones. First, our study only included 8-to-18 year old children and adolescents 
?????????????? ?????????? ??? ???????? ????????????????????????????????????
be generalized to individuals outside this age and IQ range. Second, age 
??????? ????? ???????? ??????????????????? ???????? ???????? ??? ???? ?????????????
trajectories and possible developmental delays of individuals with ASD 
??????? ??? ????????? ???????? ????????????? ????????? ??????? ???? ?????? ??? ?????
open-endedness should be investigated more thoroughly by systematically 
varying the degree of open-endedness within the same task. Finally, ASD 
refers to a very heterogeneous group of disorders, suggesting that one 
?????????????????????????????????????????????????????????????????? ??????????
factors than the ones addressed here (for example psychiatric co-occurrence) 
???????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
and investigating which factors determine subgroup membership seems to 
be a germane future approach (Towgood et al., 2009).
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Appendix
Table A1. Characteristics of all matched subsamples
n Age
Mean (SD)
FSIQ
Mean (SD)
Gender ratio
M:F
Group ratio
ASD:TD
ASD 50 12.21 (2.58) 104.32 (10.83) 30:20 -
   - Children 25 10.13 (1.30) 102.38 (9.40) 14:11 -
     Male 14 10.55 (1.20) 103.82 (9.68) - -
     Female 11 9.58 (1.28) 100.55 (9.16) - -
   - Adolescents 25 14.30 (1.66) 106.26 (11.97) 16:9 -
     Male 16 13.89 (1.15) 108.00 (13.96) - -
     Female 9 15.03 (2.21) 103.17 (6.91) - -
   - Male 30 12.33 (2.05) 106.05 (12.14) - -
   - Female 20 12.04 (3.26) 101.73 (8.13) - -
TD 50 12.48 (2.72) 107.72 (9.30) 30:20 -
   - Children   24 10.25 (1.15) 107.38 (8.28) 15:9 -
     Male 15 10.22 (1.12) 107.17 (8.55) - -
     Female 9 10.28 (1.26) 107.72 (8.32) - -
   - Adolescents 26 14.54 (2.03) 108.04 (10.30) 15:11 -
     Male 15 14.03 (1.34) 108.27 (10.02) - -
     Female 11 15.24 (2.61) 107.73 (11.15) - -
   - Male 30 12.13 (2.28) 107.72 (9.17) - -
   - Female 20 13.01 (3.26) 107.73 (9.73) - -
Children 49 10.18 (1.22) 104.83 (9.14) 29:20 25:24
   - Male 29 10.38 (1.15) 105.55 (9.10) - 14:15
   - Female 20 9.90 (1.29) 103.78 (9.31) - 11:9
Adolescents 51 14.42 (1.84) 107.17 (11.07) 31:20 25:26
   - Male 31 13.95 (1.22) 108.13 (12.01) - 16:15
   - Female 20 15.15 (2.38) 105.68 (9.54) - 9:11
Male 60 12.23 (2.15) 106.88 (10.70) - 30:30
Female 40 12.52 (3.26) 104.73 (9.35) - 20:20
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Abstract
Local and global visual processing abilities and processing style 
were investigated in individuals with an Autism Spectrum Disorder (ASD) 
versus typically developing individuals, children versus adolescents 
and boys versus girls. Results indicated that individuals with ASD do not 
???????? ???????? ??????? ??????????? ????????? ???? ????? ????? ?? ???????? ???
tasks with high integrative demands. Furthermore, they displayed a more 
locally oriented processing style and intact, not enhanced, local processing 
??????????????????????????????????????????? ?????????????????????????????
???????????????????????????????????????????????????????????????????????
global processing abilities, that were both independent of processing style. 
Although associations were observed between local-global processing and 
ASD symptom severity, further research is needed to specify the nature of 
this relationship.
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1. Introduction
1.1. Visual processing in autism spectrum disorders
Autism Spectrum Disorders (ASDs) are characterized by persistent 
impairments in communication and social interaction and by restricted, 
repetitive patterns of behaviour, interests or activities (DSM-5; American 
Psychiatric Association, 2013). Besides these core characteristics, atypical 
visual processing has also been reported in individuals with ASD and has 
been suggested to underlie some of their symptoms (Happé & Ronald, 2008). 
Altered visual processing in ASD is primarily addressed by two 
prominent theories, namely the Weak Central Coherence account and the 
Enhanced Perceptual Functioning theory. According to the Weak Central 
Coherence (WCC) account, individuals with ASD show reduced central 
coherence or global processing, meaning that the typical tendency to 
???????????????? ?????????? ???????????? ??? ?? ????????? ????? ??? ????????? ??? ??
relative inability to integrate pieces of information into coherent wholes and 
a favouring of piecemeal or local processing (Frith, 1989). The Enhanced 
Perceptual Functioning theory similarly postulates that individuals with ASD 
have a more locally oriented processing style and superior (low-level) local 
processing than Typically Developing (TD) individuals. However, this theory 
?????????????????????????????????????????????????????? ????????????????????????
higher-order or global processing is optional in individuals with ASD, while it 
is mandatory for TD individuals even when it impedes performance (Mottron, 
Dawson, Soulières, Hubert, & Burack, 2006). In response to empirical evidence 
?????????????????????????????????????????????????????????????????????????????
global processing (Dakin & Frith, 2005; Happé & Frith, 2006; Simmons et al., 
2009), the WCC account was revised and the idea of a global processing 
????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
do so (Happé & Frith, 2006).
Unfortunately, many commonly used measures targeting local 
and global visual processing have a questionable validity, precluding an 
???????????? ?????????????????? ?????????????????? ??? ????? ???????????????????
Booth (2008) indicated that most tasks put global and local processing in 
???????????????????????????????????????????? ????????????????????????????????
??????????? ??? ????? ???????????? ???? ???? ??? ???????? ??????? ????????????
increased local processing, or a combination of both. Together with an over-
???????????????????????????????????????????????????????????????????????????????
???????????????????????????? ????????????????????????????? ???????????????
(Happé & Booth, 2008). Therefore, these authors argue for the development of 
tasks that can measure poor global processing unconfounded with superior 
local processing and vice versa. This is important, not only to investigate 
whether individuals with ASD really show increased local processing, reduced 
global processing, or both, but also to be able to investigate the association 
between both types of processing and their relation to ASD symptomatology. 
In addition, Booth (2006) states that a comprehensive assessment of local 
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and global processing abilities requires measurements made across various 
levels of processing, ranging from low-level (perceptual-sensory) to high-
level (conceptual). If individuals with ASD really present superior local and/
or inferior global processing, then this should be apparent at any level of 
processing. Moreover, the use of open-ended tasks has been promoted 
to capture processing style rather than ability (Booth, 2006; Happé & Frith, 
2006).
1.2. A factorial design: local versus global, and lower versus higher level
The present study aimed at investigating local and global visual 
processing in individuals with ASD and TD controls, while taking the 
abovementioned recommendations for task selection into account. Firstly, we 
made a distinction between processing ability (i.e., how well you can process 
information in a given way) and processing style (i.e., the spontaneous or 
natural tendency to process information in a particular way). Secondly, 
a distinction was made between the type of processing (local vs. global 
processing) and the level of processing (lower- vs. higher-level). Note that 
low-level and high-level processing are relative terms, referring to the level 
of processing in the brain, with low-level usually referring to simple stimulus 
??????????????????????????????????????????????????????????????????????????????
to more complex aspects extracted and represented further downstream in 
the brain (Wagemans, Wichmann, & Op de Beeck, 2005). For instance, for 
visual stimuli one would refer to luminance, colour, line orientation, motion 
direction, etc. as low-level properties and fully integrated representations 
and meaning as high-level. Thirdly, we aimed to measure local and global 
????????????????????? ??????????????????????????????????????????????????????????
of processing (low- and high-level). Therefore, a factorial design was used, 
combining the two types of processing with the two levels of processing, with 
one task for each resulting combination.
?????????????????????????????????????????????????????????????????????????
selected to measure global processing abilities: a lower-level Coherent Motion 
task (Milne et al., 2002) and a higher-level Fragmented Object Outlines Task 
(Torfs, Panis & Wagemans, 2010).
In the Coherent Motion (CM) task randomly moving dots appeared on 
the screen with a proportion of them moving coherently in a single direction, 
????????? ?? ???????? ??????????? ??? ???????? ????????????? ????? ??????????
to indicate the direction of coherent motion and the CM threshold was 
???????????? ?????????? ???? ????????? ??????????? ??? ??????????? ??????? ?????
required to perceive the global direction of motion. This task necessitates 
global processing, as the global direction of motion can only be inferred 
by pooling information of individual motion dots, allowing to segregate the 
signal (coherent motion direction) from the noise (randomly moving dots). The 
??????????????????????????????????????????????????? ????????????????????????
low-level properties (luminance and motion direction) and because it is more 
low-level compared to the Fragmented Object Outlines task.
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The ????????????????????????????????????? was selected as a higher-
level global processing task. In this task, the outline of an object was gradually 
built-up in ten steps and participants were asked to identify the object as 
?????????????????????????????????????????????????????????????????????????????
global processing, since it involves bottom-up grouping of contour fragments 
(i.e., contour integration) as well as top-down matching of candidate object 
representations (stored in memory) with perceptual input (Panis & Wagemans, 
2009). Previous studies have demonstrated that these processes of grouping 
????????????????? ???????????????????????? ????????????????????????????????
complexity (or homogeneity), object category (natural vs. man-made), global 
symmetry and fragment curvature (curved vs. straight fragments) (Panis, De 
Winter, Vandekerckhove, & Wagemans, 2008; Panis & Wagemans, 2009; 
Torfs et al., 2010). Manipulating these attributes can therefore help to pinpoint 
which processes are altered in individuals with ASD.
To measure local processing abilities, we selected a low-level Visual 
Search (VS) task (based on O’Riordan, 2004, and O’Riordan, Plaisted, Driver, 
& Baron-Cohen, 2001). In this task, participants were instructed to search 
?? ????????????? ??????? ????????? ??????? ???????????? ????? ???????? ????? ????
target in either colour or shape. This is considered to be a low-level task, 
?????? ??????????? ??? ???? ????????????????????????????????????????????????
rather low- (to mid-) level stimulus attributes. Several studies have shown 
that individuals with ASD are faster at detecting the target compared to TD 
individuals (for a review, see Kaldy, Giserman, Carter, & Blaser, 2013). This 
???????????????? ??? ???????????????? ???????????????????????????? ??????????????
unique item detection and perceptual discrimination. However, O’Riordan 
???????????????????????????????????????????????????????????? ????????????
???????????????????????????????????????????????????????????????????????????
???????????????? ???????????????????????????????????? ????????? ????????????????
provided evidence for enhanced discrimination in adults with ASD. To ensure 
?????????????????????????????????????????????????????????????????????????
similar task as the one developed by O’Riordan (2004), i.e., a conjunction 
??????????????? ?????????????? ?????? ???????????????? ??????????????????????
the number of distractors and the target-distractor similarity. Using this task 
also allows us to investigate the enhanced discrimination hypothesis in 
children and adolescents with ASD.
No task was selected to measure local processing abilities at a higher-
level. At this higher conceptual level, a Gestalt percept naturally emerges and 
????????????????????????????????????????????????????????????????????????????
degree to which this happens, depends on the strength of a person’s global 
processing ability and/or processing style. We therefore contend that it is 
impossible to create a high-level task measuring local processing abilities 
unconfounded with global processing. For this reason, we selected an open-
ended task, which enables us to evaluate the visual processing style instead, 
namely the Rey-Osterrieth Complex Figure (ROCF) task (Tsatsanis et al., 
2011). In this task individuals had to copy a complex multi-part stimulus, 
without restrictions on how to do so. Afterwards, the degree of continuity or 
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coherence in the drawing process is evaluated, indicating whether participants 
????????????????????????????????????? ?????????????????????????????? ??????????
processing style) or whether they properly cohere and continuously draw the 
?????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
was employed. 
These four local-global visual processing tasks were complemented 
with a questionnaire measuring attention to detail in daily life. Furthermore, 
two basic Reaction Time (RT) tasks were included, to allow controlling for 
potential RT confounds on the FOO and the VS tasks.
1.3. Aims of the current study
????????? ??????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
individuals with ASD have reduced global processing abilities, elevated CM 
????????????????????????????? ????????????????? ???????????????????????????
???????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????? ????????????????????????
oriented processing style should result in a higher score on the ROCF taks. 
????????????????????????????????????????????????????????????????????????????
the questionnaire measuring attention to detail.
Second, when reviewing studies investigating local-global processing 
in ASD, many inconsistencies emerge (for reviews see Dakin & Frith, 2005; 
Happé & Frith, 2006; Simmons et al., 2009). These might in part be due to 
??????????????????????????????????????????????????????????????????????????????
characteristics between studies. Thus far, only few studies have addressed 
???? ???????????? ?????????????????????????? ???????????????????????? ????????
??????????? ???? ?????? ??? ??????? ???? ??????? ????? ?????????? ?????? ???? ???
far more common in boys than in girls, many studies only included boys 
or ensured a group-wise matching for gender ratio. To further explore this 
?????????????????????????????????????????????????????????????????????????
gender of the participants, by comparing the performance of ASD versus TD 
individuals in children (8-11 years) and adolescents (12-18 years), as well as in 
????????????????????????????????????????????????????????????????????????????
task performance and examined the association with IQ. To avoid that group 
??????????? ??? ???? ????????????? ?????? ?????? ??????? ????? ?????? ???????????
in age, gender, Performance IQ (PIQ), or Full-Scale IQ (FSIQ), groups were 
matched for these possible confounds.
?????????????????????????????????????????????????????????????????????
measures. Currently it is unclear whether local and global processing abilities 
???????????????????????????????????????????????????????????????????????????????
??????????????? ??????????????????????????????????????????????????????????????
of one dimension, with superior local processing abilities corresponding with 
reduced global processing abilities and vice versa. In line with this, Frith and 
Happé (1994) proposed that superior local processing is inherently related 
with reduced global processing. According to the second view, both types of 
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processing abilities are independent (Happé & Booth, 2008). So both types of 
processing are considered to be two separate dimensions, and performance 
on one dimension does not predict performance on the other dimension. 
Happé and Frith (2006) pointed out that this independence may possibly be 
???????????????????????????????????????????????????????????????????????????
many often used local-global tasks. This second view is supported by studies 
???????? ????????? ?????????????? ????????????? ???? ??????? ??????? ?????? ???????
processing (for a review, see Happé & Booth, 2008). Interestingly, Booth 
(2006) demonstrated that both types of processing were positively correlated 
?????? ??????????????????????????????????????? ???????????? ??? ?????????????????
????? ???????????????????? ??????????????? ????????????????????????????????
the tasks depended on group membership (ASD vs. TD). Additionally we 
investigated the association between local-global processing abilities and 
processing style.
Fourth, we evaluated the association between local-global processing 
and ASD symptoms. In the most recent version of the WCC account, the 
???????????????????????? ?????????????????????????????????????????????????
(Restricted and Repetitive patterns of Behaviour and Interests, or RRBIs) 
???????????????????????????????????????????????????????????????????????
proposed to underlie the insistence on sameness, the narrow interests, 
???? ??????? ?????????? ???????? ???? ????????? ????? ???? ???????? ??????????????
and savant skills in ASD (for a review, see Brundson & Happé, 2014). 
Nevertheless, Brundson and Happé (2014) also suggested that altered local-
global processing might be related to ASD impairments in social interaction 
and communication (see also Noens & van Berckelaer-Onnes, 2005, 2008). 
In general, not many studies have examined the relation between local-global 
???????????????????????????????????????????????????????????????????????
(Brundson & Happé, 2014). Here, we will examine the association between 
local-global processing and both RRBIs and social ASD symptoms.
Taken together, the current study aimed at investigating altered local 
and global visual processing abilities and processing style in individuals 
with ASD compared to TD individuals. Local and global processing abilities 
were investigated with low- and high-level tasks using a factorial design and 
without confounding increased local processing abilities with reduced global 
?????????????????????? ??????????? ???????????????????????? ?????????????
found across age groups (children vs. adolescents) and gender, and whether 
task performance depended on age, gender and FSIQ. Thirdly, the mutual 
associations between the various local-global tasks were studied, to test 
??????????????????????????????????????????????????????????????????????????????
and how they relate to processing style. Finally, the associations between 
local-global processing performance and ASD symptomatology were 
addressed.
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2. Method
2.1. Participants
One-hundred seventeen Dutch speaking children, aged between 8 
and 18 years, participated in the study. All had a verbal (VIQ), PIQ and FSIQ 
above 70. Fifty-nine participants had a formal diagnosis of ASD, made by a 
multidisciplinary team according to DSM-IV-TR criteria (American Psychiatric 
Association, 2000). Individuals with a known neurologic disorder or severe 
sensory constraints were excluded, but 16 participants were diagnosed with a 
co-occurring developmental disorder (one had tic disorder, four had dyslexia, 
?????? ???? ?????????? ????????????????????? ?????????? ???? ???? ??????????????
coordination disorder and two had an anxiety disorder) and six of them 
took psychoactive medication during the study. Fifty-eight participants were 
TD children, who were recruited through schools, personal contacts and 
advertisements. According to parental reports, none of the TD children nor any 
????????????????????????????????????????????????????????????????????????????????
A subset of this total sample was included in the group comparisons. 
???? ?????? ????????? ????????????????? ????????? ????????? ???????? ??????????
??? ????????????????? ???? ??????????????????????????????????????????????????
??????????????????????????????????? ????????????????????????????????????????
Skuse et al., 2004) and three TD children who scored 2 SD above the mean on 
the Social Responsiveness Scale (SRS; Constantino & Gruber, 2005; Roeyers, 
Thys, Druart, De Schryver, & Schittekatte, 2011). Additionally, none of the TD 
children showed repetitive or stereotyped patterns of behaviour as measured 
????????? ?????????? ???????? ??????? ??????????????? ??????? ??????? ???????
& Lewis, 2000). Participants of both groups were group-wise matched for 
gender, chronological age, PIQ and FSIQ, resulting in two groups comprising 
50 children each. Descriptive statistics for both groups are displayed in Table 
?????????????????????????????????????????????????????????????????????????????
adolescents) and gender (boys vs. girls) on local-global processing in ASD 
versus TD, each of the subsamples were group-wise matched for all other 
variables (see Table A1 in Appendix on p. 138).
Informed consent was obtained from the participants’ parents and from 
participants aged 16 years or older. The study protocol was approved by the 
Medical Ethical Committee of the University Hospitals Leuven and the Ethical 
Committee of the Faculty of Psychology and Educational Sciences of the KU 
Leuven.
2.2. Measures
2.2.1. Intelligence
Intelligence was estimated with an abbreviated version of the Dutch 
Wechsler Intelligence Scale for Children (WISC-III-NL; Kort et al., 2005) or 
Wechsler Adult Intelligence Scale (WAIS-III-NL; Wechsler, 2005), comprising 
four subtests: Vocabulary, Similarities, Picture Completion and Block Design 
(Sattler & Saklofske, 2001).
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2.2.2. Coherent Motion task
To measure low-level global processing abilities, a ??? ???? was 
administered based on the version of Milne et al. (2002). This task evaluates 
the ability to detect coherent motion embedded in noise. On each trial, a 
??????????????????????????????????????????????????????????????????????????
angle) of 150 high luminance white dots presented on a black background 
??? ????? ???????????? ????? ?????????? ?????????????????????????????????? ????????
velocity = 8.8 deg/sec, dot lifetime = 5 frames or 200 ms, maximal stimulus 
presentation = 1 s, dot luminance = 125 cd/m², background luminance = 
0.39 cd/m²). A proportion of the dots moved coherently in a single direction 
??????????????????????????????????????????????????????????????????????????????????
the remaining dots moving randomly in a Brownian manner (noise dots). To 
increase the global processing demands, a limited dot lifetime was used, 
preventing the tracking of individual dots and necessitating more global 
pooling. Participants were asked to indicate the direction of coherent motion 
by pressing the left or right arrow on the keyboard. Responses could be 
entered as soon as the stimulus appeared on the screen and maximally 
until 15 s after stimulus presentation. A response terminated the trial and 
auditory feedback (a tone) was provided after every correct response. CM 
???????????????????? ?????? ?????????? ??????????????????????????????????????
moving dots required to perceive the global direction of motion. This was 
done by varying the percentage of coherently moving dots using a two-down, 
one-up adaptive staircase procedure, targeting the threshold corresponding 
to 70.7% correct responses. Percentage coherence started at 100% and 
Table 1. Characteristics of the participants matched for gender, age, PIQ and 
FSIQ
ASD group
(n = 50: 30M, 20F)
TD group 
(n = 50: 30M, 20F)
Characteristics Mean (SD) Mean (SD) Test-statistic p
Age (years)
VIQ
PIQ
FSIQ
SRS a
   Total
   Social Problems
   RRBI
RBS-R: Total b
12.21 (2.58)
104.32 (15.86)
104.32 (13.16)
104.32 (10.83)
101.08 (24.24)
83.38 (20.38)
17.70 (5.57)
28.15 (19.86)
12.48 (2.72)
111.60 (11.38)
103.84 (13.66)
107.72 (9.30)
20.31 (14.06)
18.57 (12.59)
1.74 (1.96)
0.78 (2.06)
F = -0.25
F = -6.97
F = 0.03
F = -2.82
F = 363.20
F = 328.09
F = 356.27
U = 1544.50
.62
.01
.86
.10
<.001
<.001
<.001
<.001
a Data are missing from 8 TD participants; b Data from 32 participants in each group, 
matched for age, IQ and gender.
105Local-global visual processing in ASD
decreased with a factor of 0.14. After four reversals a scale factor of 0.12 was 
used. A threshold was computed by taking the geometric average of the last 
4 of 10 reversals within a given run. Each run was repeated three times and 
the mean of the resulting three thresholds was calculated as a general index 
of CM sensitivity. Before data collection, participants were given a short 
period of practice, comprising supra-threshold trials, to familiarize them with 
the stimuli and the task.
2.2.3. Fragmented Object Outlines task
Higher-level global processing abilities were examined with an 
adaptation of the FOO task, developed by Torfs et al. (2010). On each trial, 
the outline of an object was gradually built up in ten steps, from the most 
fragmented image (frame 1, showing 10% of the contour) to the completely 
closed contour (frame 10, with 100% of contour, see Figure 1, a-d). The 
intermediate built-up steps comprised 10, 12, 16, 21, 27, 35, 46, 59, 77 and 
100 % of the contour. Each frame was presented for 1 s. Trials were self-
???????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
the object. After a button press, an answer box appeared in which the 
?????? ???????????? ?????????????????????????????????????????????????????????
????????????????????????????? ???????????????????????????????????????????????
al., 2010) and feedback about the correctness was given. When the response 
was correct, the build-up was terminated and the next trial was initiated. 
When the response was incorrect, the build-up continued until correct object 
?????????????????????????????????????????????????????????????????????????????
participants could give one last answer after which the next trial began. 
??????????????? ????????????????????????????????????????????????????????????
or after the completed build-up (scored as frame 11). First, six practice trials 
were administered, followed by 40 experimental trials.
The object outlines were derived from the Snodgrass and Vanderwart 
(1980) picture set containing 260 line drawings of everyday objects (for 
more information, see Torfs et al., 2010). To ensure that the task targeted 
visual integration abilities, we reduced the probability that objects could be 
?????????????????????????????????????????????????????????????????????????????????
the object without information about internal local details. We selected object 
???????????????????????????????????????????????????????????????????????????????
a large adult normative study by Wagemans et al. (2008) and based on a pilot 
study with 80 object outlines administered to 24 children with ASD and 24 TD 
children (FSIQ > 70, age: 8-14 years).
??????????????? ??????????????????????????? ???????????????????????????
symmetry (20 symmetric vs. 20 non-symmetric objects), object category (20 
natural vs. 20 man-made objects), object homogeneity (low vs. high) and 
fragment curvature (curved vs. straight fragments). Combining the two levels 
of global symmetry and object category resulted in four categories (with 
10 stimuli each) that were matched for mean object homogeneity. Object 
homogeneity is inversely related to the number of peaks in the contour and 
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thus to object complexity, with more homogeneous objects having fewer peaks 
and being less complex. It is a continuous measure that was dichotomized 
in such a manner that an equal number of objects in each category had a 
low (<12) versus high (>12) homogeneity. Additionally, we applied two types 
of contour fragmentation. Fragments were either placed around salient 
points, resulting in curved fragments, or placed around midpoints, resulting 
in relatively straight fragments (see Torfs et al., 2010). For each participant, a 
?????????????????????????????????????????????????????????????????????????????
had straight fragments. However, across participants the fragmentation 
method applied for both sets of objects was counterbalanced within each 
participant group (ASD and TD). The presentation order of the objects was 
individually randomized.
As an index of global processing abilities, we measured when correct 
?????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????? ????????
contour was completed (proportion unrecognized objects).
2.2.4. Visual Search task
To measure local processing abilities, we administered a conjunction 
VS task (based on O’Riordan, 2004, and O’Riordan et al., 2001). In this task, 
?? ??? ????? ???? ?????????? ??????????? ?? ????????????? ??????? ??????? ??????
distractors, and participants were instructed to touch the target as soon as 
possible on the touch screen. Two factors were manipulated within subjects: 
(1) the number of distractors (14 vs. 24) and (2) the target-distractor similarity. In 
the ‘low similarity’ condition, a red X target was hidden among green X and red 
C distractors. In the ‘high similarity’ condition, a red F target was embedded 
between pink F and red E distractors (see Figure 1, e-f). Other stimulus 
characteristics were the same as described by O’Riordan et al. (2001). Before 
each trial, participants had to place both hands on the table in front of the 
???????????????????????????????????? ????????????????????? ???????????????????
stimulus presentation. The stimulus remained on the screen until the target was 
touched, or until 10 s elapsed. Afterwards, the experimenter initiated the next 
??????????????????????????????????????????????????????????????????????????????
practice block with two ‘low similarity’ trials was followed by a second practice 
block with two ‘high similarity’ trials. Afterwards, participants completed 40 
experimental trials, divided into two blocks with 10 ‘low similarity’ trials and 
two blocks with 10 ‘high similarity’ trials. The target remained the same within 
a block, and participants were instructed what target to search for at the 
???????????????????????????????????????????????? ????????????????????????????
??????? ??????????????????????????????????????????????????????????????????????
latency (in ms) was registered, which is the time needed to touch the correct 
???????? ???????????????????????????????? ??????????????????????????????????????
increase in target detection latency in the high similarity compared to the low 
?? ???????? ??????????? ????? ??????????? ?????????? ?????? ??? ???????? ??? ??????? ????
?????????????????????????????????? ?????????????????????????????????????????????
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with lower values indicating better discrimination abilities. Because hardly any 
errors were made in this version of the task, the number of errors was not 
informative and was therefore not analysed.
Figure 1. Stimulus examples from: (a-d) the Fragmented Object Outlines task, 
respectively showing frame 1, 4, 7 and 10 of the object outline of a tree; (e) 
the Visual Search task ‘low similarity’ condition containing 14 distractors; and 
(f) the Visual Search task ‘high similarity’ condition containing 24 distractors.
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2.2.5. Rey-Osterrieth Complex Figure task
To measure the visual processing style, the ROCF task was employed 
(Rey, 1941; Osterrieth, 1944). On this task, participants had to copy the 
ROCF according to the same procedure as applied by Tsatsanis et al. 
(2011). Afterwards, the style was rated for each drawing, based on the 
Developmental Scoring System (DSS; Bernstein & Waber 1996) either by one 
of the authors (LVE or IN) or by two trained research assistants. The research 
???????????????? ?????? ????????????? ?????????????????? ????????? ????????? ???
reach consensus. In case of uncertainty, the drawings were additionally 
scored by one or two of the authors (LVE and/or IN). Based on the ratings, the 
‘new’ style ratio score (developed by Tsatsanis et al., 2011) was calculated, 
???????????????????????????????????????????????????? ?????????????????????
and continuously drawn (see Tsatsanis et al., 2011). Compared to the DSS 
categorical style rating, this score has the advantage that it provides a more 
??????????????????? ??????????????????????????????? ???????????????????? ?????
new style score was reversed, yielding a fragmentation score ranging from 
???????????????????????????????????????????????????????????????????????????
style and thus a less coherent or global processing style.
2.2.6. Control tasks
???????????? ?????????????????????????????????? ??? ??Simple Reaction 
?? ?? ?????? ????, requiring the same motor response as in the FOO task. 
Participants were instructed to press a button as soon as possible when a 
square (varying in size and colour) appeared on the screen. During each trial 
??????????????????????????????????????????????????? ???????????????????? ??
of central stimulus presentation. After each stimulus, feedback was provided 
for 600 ms. The intertrial interval was 500 ms. First, eight practice trials were 
completed, followed by 15 experimental trials. The RT (or response latency, 
in ms) was measured.
The second control task is the ?????? ?????????? ? ???? ???? of the 
CANTAB (Cambridge Cognition, 1996) and mimics the motor response and 
????????????????????????????????????????? ??????????????????????????????????????
???????? ?????????????????????????????? ?????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
and the response latency was recorded (in ms).
2.2.7. Detail and Flexibility questionnaire 
The Detail and Flexibility questionnaire (DFlex) contains 2 subscales, 
one measuring attention to detail and the other measuring cognitive rigidity 
(Roberts, Barthel, Lopez, Tchanturia, & Treasure, 2011). Given the focus of 
this study, we only report the scores on the ‘Attention to Detail’ scale. The 
questionnaire was translated to Dutch by translation and back-translation.
2.2.8. ASD symptoms
The Social Responsiveness Scale (SRS) for children and adolescents 
is a normed questionnaire, developed to assess a wide range of behaviours 
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characteristic of ASD (Constantino & Gruber, 2005; Roeyers et al., 2011). 
??? ????????? ??? ???? ?????????? ??????????? ????????? ??????? ??????????? ???????
Cognition, Social Communication, Social Motivation and Autistic Mannerisms. 
By applying factor analysis Frazier et al. (2012) demonstrated that a 2-factor 
model, dividing SRS social and autistic mannerisms scales consistent with 
DSM-5 ‘social communication/interaction’ and RRBIs domains, best explains 
the variance in SRS scores. Accordingly, we summed the scores of the 
‘social’ scales to obtain one index of social (communication and interaction) 
ASD symptoms, while the score on the Autistic Mannerisms scale was taken 
as an index of RRBIs.
The ??????????????????????????????????????????? assesses the RRBIs 
????????? ??? ???????????? ????? ???? ???????? ??? ????? ??????? ?? ???????????? ???
?????????????????????????????????? ???????????????????????????????????????
Ritualistic, Sameness and Restricted Behaviour), but we only report the 
total score. The questionnaire was translated to Dutch by translation and 
back-translation.
2.3. Procedure
Participants were tested individually in a quiet room, either at the 
University Hospital or at school. Besides the tasks described above, additional 
executive functioning tasks were administered for another study (Van Eylen, 
Boets, Steyeart, Wagemans, & Noens, submitted). The whole testing took 
about four hours, divided into four 1-h sessions. Enough breaks were provided 
to avoid fatigue. Additionally, computerized tasks were alternated with other 
????? ???????? ???????????????????????????????????????????????????? ??????????
of sessions and the order of tasks within a session were counterbalanced. 
Participants received a small reward for their participation.
Computerized tasks were run on a Dell Latitude E6400 notebook. For 
the FOO task, children were seated 50 cm from the notebook’s screen, set to 
pixel resolution 1024 by 768 at 75 Hz refresh rate. For the other computerized 
tasks, a 17-inch Elo Entuitive touch screen was used at a pixel resolution 
of 1280 by 1024 (640 by 480 for the CM task) and a 60 Hz refresh rate. 
The distance from the touch screen was 57 cm, except for the VS task for 
which a distance of 40 cm was used to ensure that even the smallest children 
??????????????????????????????????????????????????????????????????????????
ensuring good stimulus visibility.
Questionnaires were completed by the participants’ parents.
2.4. Data analyses
Prior to analysis, appropriate transformations (square root or logarithm 
base 10) were applied if necessary to obtain normally distributed variables. 
In the tables, the values for the mean and standard deviations result from the 
raw, non-transformed variables. For the RT data, only the correct trials were 
used and within-subject outliers (>2.5 SD of the participant’s own mean) were 
excluded. Group outliers (>2.5 SD of the group mean) were excluded for all 
variables. Analyses were performed with and without exclusion of outliers. 
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If analyses with and without outlier exclusion yielded the same results, only 
analyses including group outliers are reported. Otherwise, results of both 
analyses are mentioned.
For normally distributed local-global and control measures, we 
??????????????????????????????????????????????????????????????????????????????
gender and all two-way interactions. The three-way interaction between 
group, age and gender was not included in the model, because the number of 
observation in each cell was too small to produce reliable results. An adapted 
backward model selection procedure was applied. Starting from the full 
??????????????????????????????????????? ???????????????????? ?????????????????
??? ???????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????
Information Criteria (AIC and BIC respectively; Burnham & Anderson, 2004). 
???????????????????? ??????????????????????????????????????????????????? ????
interest, it was always included in the model. 
???? ??????????? ???????? ??????????????????????? ????????? ??????????
of several within-subject factors. To reduce the number of factors in the full 
???????????????????????????????????????? ?????????????????????????????????
subject factors, following the backward model selection procedure described 
????????????????????????????? ????? ???????????????? ???????? ??????????????
factors and the interactions between these and the between-subject factors 
????? ???? ???????????? ??? ????? ????? ????? ??????? ??? ????? ?????? ???????? ????
??????????????????????????????????????????????????????????????????????????
model containing both within- and between-subject factors. To reduce this 
‘new full model’ for variables of the FOO task, we did not examine interactions 
between the four within-subject variables.
ANOVA was applied to analyse performance on the CM and ROCF task. 
Repeated-measures mixed model analyses (with Kenward-Roger method to 
????????????????????????????????????????????????????????????????????????????
????????????????????????????????????? ????????????????????????????????????????
FOO task, and the RT on the control tasks. For scores that could not be 
transformed to a normal distribution (i.e., RBS-R scores and the proportion 
of unrecognized objects of the FOO task), non-parametrically Mann-Whitney 
??????????????????????????????????????????????????????????????????????????
were corrected for multiple comparisons using Tukey-Kramer correction. A 
???????????????????????????????????????????????????????????????????????????????
????? ????????????????????????????????????????????? ??????????????????????
???????????????????? ??????????????????????????????????????????????????????
????????????????????????????????????????????1?????2???????? ?????????????????????
from 0.2 to 0.3 is considered small, values around 0.5 are medium and values 
??????????????????????????????????????????????????????????
To investigate the association between the local-global measures, we 
calculated zero-order and partial Pearson correlations, the latter controlling 
????????????????????????????????????????????????????????????????????????????
??? ????????????? ?????? ????????????? ???????? ?????????????????????? ????????
for both groups. To examine the association between local-global measures 
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and age, FSIQ and ASD symptoms, Spearman (partial) correlations were 
calculated, since the assumptions for parametric tests were violated for 
several variables. All correlation and regression-analyses were performed on 
the entire sample (N = 117).
For some variables there were missing data, mostly limited to one 
participant per measure. On the RBS-R we have many missing data because 
it was added to the protocol at a later stage.
3. Results
3.1. Group comparisons
???????????????????????????????????????????????????? ?????????????????????
??????????????????????????????????????????????????????????????????????????
model are presented in Figure 2. For descriptive statistics comparing children 
and adolescents, see Table 3.
3.1.1. Coherent Motion task
On the ???????, the CM threshold was higher in the ASD compared 
to the TD group and in children compared to adolescents. However, the 
?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????F(1,96) = 4.60, 
p = .03; ASD children vs. adolescents: t(48) = 4.03, p <.001; TD children vs. 
adolescents: t(48) = 1, p = .75).
3.1.2. Fragmented Object Outlines task
On the FOO task, the proportion of unrecognized objects was 
comparable between groups (ASD: ? (SD) = 0.04 (0.04), TD: ? (SD) = 0.03 
(0.03); Mann-Whitney U = 2425, p = .48). Regarding the ??????????????????????
frame????? ???????????????????????????????????????????????????????????????
larger for more homogeneous contours (Group x Homogeneity interaction: 
F(1,3744)= 5.19, p??? ?????? ?????????????????????????????????????? ???????????
?????? ??? ?????????????????? ?? ??????? ???????????? ?????? ???? ??????????????
(low vs. high homogeneity in TD group: t(3744) = -7.69, p <.001; and in 
ASD group: t(3744) = -10.86, p <.001). After exclusion of group outliers, the 
Group x Homogeneity interaction increased (F(1,3720)= 10.51, p = .001), 
implying that ASD individuals needed more frames than TD individuals to 
correctly identify the contours in the high homogeneity condition (t(133) = 
2.56, p = .05; low homogeneity: t(134) = 0.17, p = .99). Children needed 
more frames to correctly identify the objects than adolescents, especially 
for less homogeneous contours (Age x Homogeneity interaction: F(1,3744)= 
15.53, p???????????????????????????????????????????????????t(132)=3.54, p = 
???????????????? ???? ??????????????????????????? t(133)=6.39, p <.001), with 
?? ??????? ?????? ??? ???????????? ???? ???????????? ????? ???? ????? ????????????
for children: t(3744) = -6.38, p <.001; and for adolescents: t(3744) = -12.88, 
p? ???????? ????????? ???? ???????? ?????????????? ?????? ???? ?????? ???? ???? ?????
high) homogeneous (F(1,3744)= 172.16, p < .001) and for symmetrical (vs. 
non-symmetrical) contours (F(1,3744)= 18.75, p < .001) and also when the 
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fragments were straight (vs. more curved fragments, F(1,3744)= 24.38, p < 
.001). The results for the ????????????????????????????? logically corresponded 
???????????????????????????????????????????????????????????????????????????????
reported here (but see Table 2).
3.1.3. Visual Search task
On the VS task???????????????????????????????????????????????????????
with ASD had a slightly higher target detection latency, with a larger (but still 
?????????????????????????????????????????????? ???????????????????????????????
??????????? ???????????????????????????????????? ?????????????????????F(1,3812)= 
8.07, p???????????????????????? ???????????????????????????t(3812)=-8.03, p < 
.001, and in ASD group: t(3812)=-11.84, p < .001). Children needed more 
time to detect the target than adolescents, especially in the high similarity 
condition (Age x Similarity interaction: F(1,3812)= 6.98, p???????????????????
in high similarity condition: t(124) = 8.53, p???????????????????????????? ????????
condition: t(124) = 6.75, p???????????????? ????????? ?????????????? ?????????????
???????????????? ????????????????????????????t(3812)=-11.70, p < .001; and for 
adolescents: t(3812)=-8.10, p < .001). Overall, the target detection latency 
was higher in the high similarity (compared to the low similarity) condition 
(F(1,3812)= 198.02, p < .001) and with 24 (vs. 14) distractors (F(1,3812)= 
168.71, p < .001).
When analysing the similarity cost, we observed a trend towards a 
higher similarity cost for individuals with ASD compared to TD individuals 
???????????????????????????????? ?????????????????????? ??????????????? ?????
Table 2 and Table 3 respectively).
3.1.4. Rey-Osterrieth Complex Figure task
On the ROCF task, individuals with ASD had a higher fragmentation 
??????????? ?????????????????????????? ??????????? ???? ?????? ????????????????
interaction: F(2,96) = 7.31, p = .001; see Table 2). Furthermore, in the TD 
group girls had a lower fragmentation score compared to boys (t(48) = -3.64, 
p?????????? ????????????????????? ??????????????????????????????t(48) = 1.18, 
p = .64). Therefore, TD girls also had a lower fragmentation score than boys 
with ASD (p = .03). Finally, children had a higher fragmentation score than 
adolescents. 
3.1.5. Control tasks
On the ?????????and?????????, both groups performed comparably, 
but children had a higher response latency than adolescents. 
3.1.6. Detail and Flexibility questionnaire
On the Attention to Detail scale of the DFlex questionnaire, individuals 
???????????????????????????????????????????????????????????????????????????
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Figure 2. ?????????????????????????????????????????????????????????????SD])  and 95% 
???????????? ??????????????????????????????????????????????????????????????
global processing measures. Positive scores indicate better performance for 
Typically Developing (TD) individuals compared to individuals with an Autism 
Spectrum Disorder (ASD). CM: Coherent Motion; ROCF: Rey-Osterrieth 
Complex Figure; FOO: Fragmented Object Outlines; VS: Visual Search; 
DFlex: Detail and Flexibility questionnaire. 
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Table 3. Comparison of children versus adolescents on the local and global 
processing measures as well as on the control tasks
Children 
(n = 49)
Adolescents 
(n = 51)
Measures per task Mean (SD) Mean (SD) F-value p
CM task
   CM threshold 33.60 (16.04) 24.56 (12.74) 12.63 <.001
FOO task
?????????????????????????????? 5.52 (1.18) 4.39 (0.92) 28.40 <.001
????????????????????????????????????? ?? 5038 (1218) 3891 (914) 27.05 <.001
VS task
   Target detection latency (in ms) 2411 (517.89) 1776 (332.56) 65.74 <.001
   Similarity cost (in ms) 603.37 (359.16) 374.44 (194.42) 9.65 .003
ROCF task
   Fragmentation score 5.71 (1.99) 3.71 (2.78) 17.52 <.001
DFlex questionnaire
   Attention to Detail 40.06 (22.21) 34.59 (16.55) - -
SRT task
   Response latency (in ms) 326.93 (61.52) 271.01 (36.52) 28.04 <.001
MOT test
   Response latency (in ms) 943.19 (307.87) 777.60 (159.61) 11.40 .001
CM: Coherent Motion; FOO: Fragmented Object Outlines; VS: Visual Search; ROCF: 
Rey-Osterrieth Complex Figure; DFlex: Detail and Flexibility; SRT: Simple Reaction 
Time; MOT: Motor Screening
Note??????????????????????????????????????????????????????????????? ???????????????
?????????????????????????F and p??????????????????????????????????????????????? ?????
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3.2. Correlations
3.2.1. Correlations with age and FSIQ 
Increasing age was associated with lower scores on all local-global 
measures (except on the DFlex questionnaire) and RBS-R scores. Similarly, 
increasing FSIQ was related with lower scores on the local-global measures 
(except for the similarity cost of the VS task) and lower SRS and RBS-R 
scores. For an overview of these correlations, see Table 4.
3.2.2. Correlations between local-global measures
Table 5 presents the correlations between the local-global measures. 
Zero-order correlations yielded positive correlations between all measures. 
After controlling for age and FSIQ, only the following correlations remained: 
???? ????????????????? ??????????? ??????????????????????? ??????????????????????
positive, with the CM threshold and with measures of the FOO task (correct 
??????????????????????????????????????????????????????????????????????????????
and FOO measures also correlated with MOT latency (VS task: r = .34, p < 
.001; both FOO task measures: r = .29, p < .01). After additionally controlling 
for this association, the correlation between VS and FOO measures 
disappeared. Furthermore, the similarity cost of the VS task did not correlate 
with any of the local-global measures.
We also observed a moderate positive correlation between the CM 
threshold and the Attention to Detail scale of the DFlex.
Regression-analyses revealed the same associations between the 
local-global measures (as described above) and indicated that none of these 
?????????????????????????????????????????????p > .10).
3.2.3. Correlations between local-global measures and ASD 
symptomatology
Some local-global measures correlated positively with ASD 
??????????????????????????????????????????????????????????????????????????
index of social ASD symptoms was associated with elevated CM thresholds, 
a longer target detection latency on the high similarity condition of the VS task, 
a higher similarity cost on the VS task, and a higher score on the Attention to 
Detail scale of the DFlex.
The same local-global measures also correlated positively with the 
RRBIs score of the SRS, but the correlation with the CM threshold was only 
??????????? ?????????????????? ????????????????????? ????????? ?????????????????
??????????????????????????????????????? ?????????????????????????????????
RBS-R, a similar correlation pattern was observed for CM and DFlex, but the 
???????????????????????????????????????????????????????????????????????????
RRBIs scores measured with the SRS versus RBS-R were highly correlated.
118 Local-global visual processing in ASD
Ta
bl
e 
4.
 ?
??
??
?
??
??
??
??
??
???
??
??
??
?
??
??
??
??
???
??
??
???
??
??
??
??
??
?
??
??
??
??
??
??
??
??
??
?
??
??
??
??
?
?
??
??
??
??
??
??
???
???
?
?
?
??
??
??
?
??
??
???
??
??
??
?
??
?
??
??
??
??
??
??
??
???
??
??
??
??
??
??
??
??
??
??
???
?
M
ea
su
re
s p
er
 ta
sk
A
ge
 
FS
IQ
 
C
or
re
la
tio
ns
 c
or
re
ct
ed
 fo
r a
ge
 a
nd
 F
SI
Q
SR
S:
 S
oc
ia
l 
pr
ob
le
m
s
SR
S:
 R
R
B
Is
R
B
S-
R
: T
ot
al
(N
 =
 1
09
)
(N
 =
 1
09
) 
(N
 =
 7
8)
C
M
 ta
sk
   
C
M
 th
re
sh
ol
d
-.4
1*
**
-.2
1*
.2
1*
.1
8°
.2
0°
FO
O
 ta
sk
????
???
???
???
???
??
???
??
???
???
??
-.5
0*
**
-.3
5*
**
.0
2
.0
01
-.1
1
   
  H
ig
h 
ho
m
og
en
ei
ty
 o
nl
y
-.4
2*
**
-.3
1*
**
.1
0
.1
0
-.0
2
????
???
???
???
???
??
???
??
???
??
?
-.5
1*
**
-.3
5*
**
.0
1
-.0
07
-.1
2
   
  H
ig
h 
ho
m
og
en
ei
ty
 o
nl
y
-.4
1*
**
-.3
1*
**
.0
9
.0
9
-.0
5
V
S 
ta
sk
 (N
 =
 1
15
)a
   
Ta
rg
et
 d
et
ec
tio
n 
la
te
nc
y 
-.6
6*
**
-.2
6*
*
.1
6°
.2
3*
.0
3
   
  H
ig
h 
si
m
ila
rit
y 
on
ly
-.6
6*
**
-.2
2*
.2
2*
.2
9*
*
.0
3
   
Si
m
ila
rit
y 
co
st
-.3
0*
*
-.1
3
.2
4*
.3
3*
*
.0
7
R
O
C
F 
ta
sk
   
Fr
ag
m
en
ta
tio
n 
sc
or
e
-.4
2*
**
-.2
3*
-.0
00
7
.0
4
.1
0
D
Fl
ex
 q
ue
st
io
nn
ai
re
 (N
 =
 7
8)
   
A
tte
nt
io
n 
to
 D
et
ai
l 
-.1
9°
-.3
8*
**
.8
1*
**
.8
2*
**
.8
4*
**
SR
S 
(N
 =
 1
09
)
   
So
ci
al
 p
ro
bl
em
s 
-.1
5
-.3
1*
*
-
-
-
   
R
R
B
Is
-.1
4
-.2
9*
*
-
-
.8
3*
**
R
B
S-
R
 (N
 =
 7
8)
   
To
ta
l 
-.2
4*
-.2
7*
-
-
-
FS
IQ
: F
ull
-S
ca
le 
IQ
; A
SD
: A
ut
ism
 S
pe
ct
ru
m
 D
iso
rd
er
; T
D:
 Ty
pi
ca
lly
 D
ev
elo
pi
ng
; C
M
: C
oh
er
en
t M
ot
io
n;
 F
OO
: F
ra
gm
en
te
d 
Ob
jec
t O
ut
lin
es
; 
VS
: V
isu
al 
Se
ar
ch
; R
OC
F:
 R
ey
-O
st
er
rie
th
 C
om
pl
ex
 F
ig
ur
e;
 D
Fl
ex
: D
et
ail
 a
nd
 F
lex
ib
ilit
y; 
SR
S:
 S
oc
ial
 R
es
po
ns
ive
ne
ss
 S
ca
le;
 R
RB
Is:
 
Re
st
ric
te
d 
an
d 
Re
pe
tit
ive
 P
at
te
rn
s o
f B
eh
av
io
ur
 a
nd
 In
te
re
st
s; 
RB
S-
R:
 R
ep
et
itiv
e 
Be
ha
vio
r S
ca
le 
- R
ev
ise
d
?  p
 <
 .1
0;
 * 
p
 <
 .0
5;
 **
 p
 <
.0
1;
 **
* p
 <
.0
01
; a
 Tw
o 
pa
rti
cip
an
ts
 th
at
 w
er
e 
co
lo
ur
 b
lin
d 
we
re
 e
xc
lud
ed
 fr
om
 th
e 
an
aly
sis
119Local-global visual processing in ASD
Ta
bl
e 
5.
 P
ea
rs
on
 c
or
re
la
tio
ns
 b
et
w
ee
n 
lo
ca
l-
gl
ob
al
 p
ro
ce
ss
in
g 
m
ea
su
re
s.
 V
al
ue
s 
ab
ov
e 
th
e 
d
ia
go
na
l 
re
p
re
se
nt
 z
er
o-
or
d
er
 c
or
re
la
tio
ns
, 
?
??
??
??
??
??
??
???
??
??
??
??
???
??
??
??
??
??
??
??
??
??
???
???
??
??
??
???
??
??
??
??
??
??
???
???
??
??
??
??
?
??
???
??
??
??
???
??
??
??
??
??
??
??
??
??
??
??
??
??
?
C
M
 
Th
re
sh
ol
d
FO
O
???
???
??
???
??
fr
am
e
FO
O
???
???
??
???
??
la
te
nc
y
V
S 
Ta
rg
et
 
de
te
ct
io
n 
la
te
nc
y 
(N
 =
 1
15
)
V
S 
Si
m
ila
rit
y 
co
st
(N
 =
 1
15
)
R
O
C
F
Fr
ag
m
en
ta
tio
n 
sc
or
e
D
Fl
ex
A
tte
nt
io
n 
to
D
et
ai
l (
N
 =
 
78
)
C
M
 th
re
sh
ol
d
-
.2
4*
*
.2
3*
.4
1*
**
.2
3*
.2
1*
.3
8*
**
FO
O
 ta
sk
 
????
??
???
??
???
??
???
??
?
-.0
5
-
-
.4
9*
**
.2
4*
.3
4*
**
.1
7
????
??
???
??
???
??
???
???
??
-.0
6
-
-
.4
9*
**
.2
2*
.3
4*
**
.1
8
V
S 
ta
sk
 (N
 =
 1
15
)
   
Ta
rg
et
 d
et
ec
tio
n 
la
te
nc
y
 .1
9*
 
.1
9*
a
.1
9*
b
-
-
.3
5*
**
.2
5*
   
Si
m
ila
rit
y 
co
st
.1
1
.0
7
.0
5
-
-
.1
6
.2
2
R
O
C
F 
fr
ag
m
en
ta
tio
n 
sc
or
e
-.0
1
.0
9
.0
9
.0
6
-.0
2
-
.1
8
D
Fl
ex
 A
tte
nt
io
n 
to
 D
et
ai
l (
N
 =
 7
8)
.2
6*
-.1
2
-.1
1
.0
5
.0
6
-.0
02
-
FS
IQ
: F
ull
-S
ca
le 
IQ
; C
M
: C
oh
er
en
t M
ot
io
n;
 F
OO
: F
ra
gm
en
te
d 
Ob
jec
t O
ut
lin
es
; V
S:
 V
isu
al 
Se
ar
ch
; R
OC
F:
 R
ey
-O
st
er
rie
th
 C
om
pl
ex
 F
ig
ur
e;
 
DF
lex
: D
et
ail
 a
nd
 F
lex
ib
ilit
y q
ue
st
io
nn
air
e.
* p
 <
 .0
5;
 **
 p
 <
.0
1;
 **
* p
 <
.0
01
; a
 a
fte
r c
or
re
ct
io
n 
fo
r M
OT
 re
sp
on
se
 la
te
nc
y: 
r =
 .1
0;
 p
 =
 .3
1;
 b  
af
te
r c
or
re
ct
io
n 
fo
r M
OT
 re
sp
on
se
 la
te
nc
y: 
r =
 .0
9;
 p
 =
 .3
3
120 Local-global visual processing in ASD
4. Discussion
The present study aimed at investigating local and global visual 
processing abilities and processing style in individuals with ASD compared 
to TD individuals. Both types of processing were investigated without 
???????? ????? ??? ??????? ????????? ???? ????? ????? ???? ??????????? ??????? ????
????????? ??? ??????? ???????????????? ??? ???? ???? ??????????? ?????????? ???
well as associations between local-global processing measures, sample 
characteristics and ASD symptomatology.
4.1. ??????????????????????????????????????????????????????????????
processing style
4.1.1. Global processing abilities
Individuals with ASD performed worse than TD individuals on the 
??? ?????? which indicates lower level global processing. However, group 
???????????????????????????????? ????????????? ?????????????????????????? ????
adolescents (aged 12-18 years). Additionally, only in the ASD group and not 
??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
task performance at ages 8-11 years, while individuals with ASD showed a 
delayed developmental trajectory. Nonetheless, in adolescence (12-18 years) 
they attained a similar mature performance level compared to TD individuals. 
??????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
with adult-like performance at 11 years only for the TD group. However, 
their study did not directly compare adolescents with and without ASD, 
and therefore did not elucidate whether CM sensitivity remains consistently 
reduced until adulthood or whether it is just developmentally delayed. Here, 
we provide support for the latter. 
Reviewing the literature on CM perception in ASD indicates that most 
studies reported reduced CM sensitivity in ASD, but results are equivocal 
(for reviews, see Dakin & Frith, 2005; Manning, Charman, & Pellicano, 2013; 
?? ???????????????????? ??????????????????????????????????????? ????????????
on participants’ age. Moreover, several studies revealed that inconsistencies 
????????????????????????????????? ??????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
from TD adults, but only if stimuli were not presented longer than 200 ms. This 
???????????????????????????? ???? ???????? ?????? ????????????????????????????
visual information, but eventually manage to do so to the same extent as TD 
individuals. Since our stimuli lasted up to 1 s, this might have led to adequate 
performance in the ASD adolescents. Likewise, Manning et al. (2013) found 
reduced CM sensitivity in children with ASD aged 7 to 14 years, but only if 
stimulus speed was slow (1.5 deg/s) and not in the fast speed condition (6 
deg/s). These authors contend that the slow speed condition made it more 
?? ????? ???????????? ???????????????????????????????????? ???????????????????
????? ???????????????????????????????????????????????????????????????? ?????
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?????? ???? ????? ????? ???????? ????????? ??????????? ??????? ?????? ???????????
??? ???? ??????????? ??????? ?????? ?????????? ?????? ???????? ???????????? ?????
??????????????????????????????????????????????????????????????????????????
?????????????? ????????????????? ?????????????????????????????????????????
more subtle as individuals grow older, and therefore more sensitive tasks, 
requiring faster and/or more elaborate global information integration, are 
needed to reveal them.
Although reduced CM sensitivity has typically been interpreted as 
evidence for impaired global processing abilities, alternative explanations 
have been proposed. Dakin, Mareschal and Bex (2005) indicated that CM 
sensitivity is limited by both local and global processing. Reduced local 
processing, on the one hand, may result in an imprecise estimation of the 
direction of each individual dot (local motion) and has been associated with 
high local and internal noise (Dakin et al., 2005; Simmons et al., 2009). On 
????????????????????????????????????????????????????????????????????????????????
integrate information across individual dots, and has been related to reduced 
global pooling (or undersampling) and an inability to segregate signal from 
noise dots (Dakin et al., 2005; Manning, Dakin, Tibber, Charman, & Pellicano, 
2014; Tibber, Kelly, Jansari, Dakin, & Shepherd, 2014). Decreased motion 
??????????????????????????????????? ??????????????????????????????????????
due to atypical dorsal stream functioning (Milne et al., 2002; Spencer et al., 
????????????????????????????????????????????????????????????????????????
?????? ????????? ??????? ??? ???????? ??? ????????????? ???? ???????? ???????????
does provide some directions. For instance, there is evidence that sub-
cortical dorsal stream processing and motion perception per se is intact in 
individuals with ASD, rejecting the hypothesis of a general dysfunction of the 
dorsal visual stream (Bertone, Mottron, Jelenic, & Faubert, 2003; for a review, 
see Grinter et al., 2010). Moreover, Manning et al. (2014) demonstrated intact 
processing of local motion, since children with ASD obtained typical direction 
discrimination thresholds in the absence of noise and presented normal levels 
of local (internal) noise. These results were obtained with an equivalent-noise 
paradigm, which disentangles the contribution of local and global factors on 
motion perception (for more information, see Dakin et al., 2005 and Tibber 
et al., 2014). Concerning the global factors, Manning et al. (2014) found no 
evidence for reduced global pooling in ASD. In a previous study, Manning et 
al. (2013) already demonstrated that children with ASD are able to integrate 
information of individual dots across space and time in the absence of 
noise, since they showed normal speed discrimination thresholds. However, 
when signal dots are intermixed with noise dots, like in the CM paradigm, 
?????? ??????????? ???????? ?????????? ?????? ???????? ???????? ????? ?????????
???????????????????????????????? ??????????????????????????????????? ???????
?????????????????? ??????????????????????????????? ??????????????????????????
previously mentioned evidence of intact CM sensitivity under certain stimulus 
????????????????????????????????????? ????????????????????????????????????????????
integrative processes are highly taxed (for instance by applying a limited dot 
lifetime, slow dot speed and/or short stimulus presentations).
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To evaluate performance on the higher-level FOO task, several 
outcome measures were considered. Firstly, we investigated the proportion 
of completed contours that could not be recognized. Overall, this proportion 
of unrecognized objects was very low and comparable between groups. This 
??????????????????????????????????????????????????????????????????????????????
(about 96%), as intended, and that both groups managed to identify an equal 
number of objects, at least at some stage during stimulus build-up. Secondly, 
we evaluated the amount of contour information required to recognize the 
?????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????? ???? ????????????????????
?????????????????????????????????????????????????????????????????????????????
???? ????????? ?????? ??????????? ????? ???? ??????????? ???? ?????????? ????????
intact global processing abilities in ASD. Furthermore, the performance of 
???????????????????????????????????????? ???????????????????????????????????
????????? ????????? ??? ?????? ??? ?????????????? ?????????? ???? ????????????
vs. non-symmetrical objects, for low vs. highly homogeneous contours, 
and for contours with straight vs. curved fragments (Panis et al., 2008; 
?????? ???????????? ?????? ?????? ??? ????? ??????? ??? ?????????????? ??????????
was found for natural vs. man-made objects (cf. Evers et al., 2014, but see 
?????????????????????????????????????????????? ???????????????????????????
??????? ???????????????????????? ????????????? ????????? ?????????????????????
??? ??????? ??????????????? ???? ?????? ????????????? ??????? ???? ?????? ??? ????
???????? ? ??????????? ?????? ???????? ????????????? ????? ????????? ??? ?????
???????????????????????????????????????????????????????????????????????????????
this task: (1) bottom-up grouping via contour integration, and (2) top-down 
matching of candidate object representations (stored in memory) with the 
perceptual input. Manipulating these attributes and investigating interactions 
with clinical status (group) can therefore help to pinpoint which processes are 
??????????????????????? ???? ??????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
contours. For highly homogeneous contours bottom-up grouping is easier 
than for low homogeneous contours, but the top-down matching needed to 
correctly identify the object is harder because these highly homogeneous 
contours activate more object representations (Panis & Wagemans, 2009; 
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????? ???????????????????????
???????????????? ?????? ???????????????????????????????????????????????
TD individuals. When excluding group outliers, individuals with ASD tended 
??????????????????? ????????????????????????????????????????????????????????
?? ????? ?????????? ?????????????????? ???? ?????????????????????????? ?????
??????????? ?????????????????????????????????????????????????????????????
suggest that individuals with ASD have no problems with bottom-up grouping 
??? ??????????????????????? ????????????????? ?????????????? ??????????????????
high-level top-down matching, or with the complex interplay between both 
123Local-global visual processing in ASD
???????????????????????????????????????????????????????????????????????????
????? ????? ?????? ???? ??????? ??? ????????????????????????????????????? ????
groups, because both groups performed comparably on both control RT 
tasks.
Consistent with the abovementioned conclusion, previous studies have 
also reported intact contour integration in individuals with ASD (Annaz et al., 
2010; for a review, see Simmons et al., 2009). In these studies, participants 
merely had to detect the presence of a fragmented, meaningless contour, 
whether or not embedded in noise (see Annaz et al., 2010). However, when 
meaningful fragmented objects are presented and participants have to 
identify and name them, additional processes are involved (like top-down 
?????????? ???? ?????? ??????????? ????? ????? ??????? ???? ????????? ??????
??????? ????????????? ?? ?? ????? ??????????? ??????? ????? ???? ?????? ?????
???????????? ????? ???? ??????? ????????????? ????? ?? ?? ??? ?????????? ?????????
???? ??????????? ????????? ????????? ????? ?????????? ???? ??? ???? ??? ???? ?????
frame as TD individuals. In her study, each frame was presented during 5 
s, while our frame duration lasted only 1 s. This may have created a more 
?????????? ?? ????????? ??? ??????? ?????? ?????????????????????? ?????????????
in Booth’s (2006) study spanned a larger IQ range than our participants, and 
?????????????????????????????????????????????????????????  = 58) and not 
in the typical IQ subsample (?? ?? ?????? ?????? ?? ????? ??? ???? ????????? ????
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
in typically intelligent individuals with ASD using more complex gaborized 
object outlines that were embedded in noise. By embedding the contour in a 
noisy background, additional segregation processes (to segregate the signal 
????????????????????????????????????????????????????????????????????????????????
more complex interplay between component processes. Interestingly, Evers 
et al. (2014) propose that global processing abilities as such are not impaired 
in ASD, but that the interplay between bottom-up and top-down mechanisms 
??????????????????????????????????????????????
???????????????????????????????????????? ????????????????????????????
outlines tasks provide a nuanced picture of the visual processing abilities 
in ASD. Typically intelligent individuals with ASD have no general global 
?????????????????????????????????????????????? ??????????????????????????????
motion stimuli and form or contour information per se seems intact. However, 
???????????????????? ???????????? ???????????? ?????????? ???? ??????? ??????
(e.g., by embedding the signal in particular types of noise) and when tasks 
require a complex interplay between component processes.
4.1.2. Local processing abilities
Local processing abilities of individuals with ASD were examined 
with a conjunction VS task. Consistent with previous reports (O’Riordan, 
2004), the target detection latency increased with an increasing number 
of distractors and with a higher target-distractor similarity. Contrary to our 
expectations, however, individuals with ASD were not faster but tended 
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to be slower in target detection, especially in the high similarity condition. 
This somewhat slower detection rate in individuals with ASD was not due 
??????????????????????????????? ????????????????????????????????????????????
since performance on the MOT control test was comparable for both groups. 
Thus, our results do not corroborate the evidence for superior visual search 
???????? ????????????????????????????????????????????????????? ????????????
by target-distractor similarity compared to TD individuals, with an almost 
?????????????????????? ?????????????????????????????????????????????????????
with the enhanced discrimination hypothesis as formulated by O’Riordan 
(2004). O’Riordan proposed that individuals with ASD present an enhanced 
?????? ???????? ????????? ???????????? ??? ????????? ??? ?? ???????? ????????? ???
target-distractor similarity on target detection latency.
Although our observations contradict other research reports of superior 
visual search in ASD (for a review, see Kaldy et al., 2013), several studies reported 
?? ????????????????????????????????????????????????????????????????????????
?????????????? ???????? ??????????? ??????????????? ?????? ?????? ??????????????
???????????? ???? ??? ????????? ?? ????? ????????????? ????? ????????????????????
?????????????????????????????????????????????????????????????????????????????????
also concluded that enhanced discrimination is not a feature of ASD. Moreover, 
a recent quantitative meta-analysis comparing visual search performance and 
?????? ???????????????????????????????????????????????????????????????????????
der Hallen, Evers, Brewaeys, Van den Noortgate, & Wagemans, submitted). 
Thus far, it remains unclear what conditions and stimulus characteristics may 
induce reduced search rates in individuals with ASD (for some suggestions, see 
Almeida, Dickinson, Maybery, Badcock, & Badcock, 2013; Baldassi et al., 2009; 
Hessels, Hooge, Snijders, & Kemner, 2014).
At a more general level, there is debate about the mechanisms driving 
search task performance (Dakin & Frith, 2005; Kaldy et al., 2013; O’Riordan 
et al., 2001; Wolfe, 1998). Although performance on a VS task is typically 
interpreted in terms of local processing abilities, it is clear that various types 
of grouping and integration of information also play a role. Firstly, conjunction 
visual search requires integration of multiple stimulus dimensions of an object, 
referred to as feature integration. Secondly, Humphreys, Quinlan and Riddoch 
(1989) showed that target detection is enhanced under conditions that facilitate 
grouping of distractors, implying that an increased ability to group distractors 
(i.e., global processing) would facilitate target detection (see also Wolfe, 1998). 
On the other hand, an increased drive to integrate information and to group 
target and distractors might also hinder target-distractor separation and thus 
visual search performance (Baldassi et al., 2009). In line with this, Dakin and 
Frith (2005) suggested that reduced grouping may produce the enhanced 
?????????????? ?????????????????????????????????????????????????????????????????
from distractors is determined by a subtle balance between local and global 
processes (for a review of several component processes determining search 
????? ????????????? ???? ??????? ??????? ????? ?????? ??? ?? ????? ??? ?????????? ????
performance of individuals with ASD, since superior performance on particular 
???????? ???????? ????????????????????????????????????????
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4.1.3. Processing style
The general processing style was assessed by means of the ROCF 
task. Here, we found that the ASD group applied a more locally oriented 
??????????? ?????? ????? ???? ??? ??????? ???? ????? ?????? ?????????? ???? ?????
??????????????????????????????????????????????????????????????????????????????
due to a more local processing style in girls with ASD, but resulted from a 
???????????????????????????????? ????????????????????? ???????????????????
(TD boys, ASD boys and ASD girls). In view of a general developmental shift 
from a more locally oriented to a more globally oriented processing style 
??????????????????????????????????????????????????????????????????????????????
this shift during childhood (8-11 years), whereas it occurs later in the other 
groups. So, a relatively delayed or reduced transition from a local to global 
processing style in girls with ASD compared to TD girls, could bring about 
????????????????????????????????????????????????????????????????????????????????
younger girls is needed. In younger aged groups, we do not yet expect a 
????????????????????????? ???????????? ????? ????????????? ????????????????????
between ASD and TD girls. Moreover, additional data from an adult sample 
could specify whether this shift is simply delayed or also reduced. Pertaining 
??? ???? ????????????????????????? ????????????????????????????????????? ???????
?????????? ????? ????????????????? ????????? ????? ??????????????? ???????????
Similar to our study and other reports (e.g., Booth, 2006), they found no 
???????????????????????????????????????????????????????????????????????????
boys) and indicate that this is due to a part-oriented (local) approach in both 
groups. However, in an older sample (aged 14-42 years) the TD individuals 
presented a more global processing style than individuals with ASD, as the 
????????? ???????? ???????? ?? ?????????? ?????????????????? ??????????????
remained part-oriented (Tsatsanis et al., 2011). In sum, we only observed a 
more locally oriented processing style in girls with ASD, but we assume that 
??????????????????????????????????????????????????????????????????????????
????? ?????????????????????????????????????????????????????????
4.1.4. Attention to detail in daily life
Results from the DFlex questionnaire indicated pronounced group 
???????????? ????? ??????????? ?????????? ??? ??????? ??? ???????????? ????? ????
compared to TD individuals. This provides a strong indication of altered 
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????? ??????????????????????????????????????????????
of the parents. Furthermore, this questionnaire confounds measures of local 
and global processing, as well as processing style. It is therefore unclear 
????????????????????????????????
4.1.5. Conclusion
Although individuals with ASD display more attention to detail in daily 
?????? ??????????? ??? ????????????? ??????? ??????????????? ????????? ????????????
measured with laboratory tasks. On these more controlled tasks, individuals 
?????????????????????????????????????????????????????????????????????????
126 Local-global visual processing in ASD
?? ???????? ??? ?????? ???? ????? ???????????? ????? ????? ???????????? ?????????
Furthermore, evidence is found for intact (but not enhanced) local processing 
abilities and a more locally oriented processing style in ASD.
The observation that reduced global processing abilities are only 
disclosed if integrative processes are highly taxed, corresponds to the idea 
of ASD as a complex information processing disorder (Bertone, Mottron, 
Jelenic, & Faubert, 2005; Minshew & Goldstein, 1998; Williams, Goldstein, 
& Minshew, 2006). According to that view, individuals with ASD show 
‘selective impairments in the neural processing of complex information’, 
???????????????????????????????????????????????????????????????????????????
integrative processing capacity (Williams et al., 2006). However, it is still 
unclear how ‘complex’ these stimuli should be and what advanced integrative 
????????????????????????????????????????????????????????? ?????????????????????
???????????????????????????????????????????????????????????? ????????????
of information cannot simply be achieved by V1, but requires activation 
and coordination between higher-order brain regions. Proceeding from this 
????????????????????????????????????????????????????????????????????????
task and the FOO task, since they address brain regions like MT/V5 and even 
the prefrontal cortex, respectively (Bar, 2003; Braddick, Atkinson, & Wattam-
??????????????????????????????????? ??????????????????? ? ??????????????????
tasks, depending on age and/or stimulus characteristics. We therefore argue 
that further research is needed to systematically investigate which factors 
underlie reduced global processing in ASD and are central to the altered 
local-global visual processing in this population.
???? ???????? ???????? ????? ???????? ???? ???? ???? ???????? ???? ????
Enhanced Perceptual Functioning theory by demonstrating a more locally 
oriented visual processing style, without an overall reduction in global 
processing abilities in ASD. Although the initial version of the WCC account 
assumed reduced global processing abilities in individuals with ASD (Frith, 
1989), this idea was later attenuated by proposing a less globally oriented 
????????????????????????????????????????????????????????????????????????????
2006). Also the Enhanced Perceptual Functioning theory postulates a more 
?????????????????????????????????????????? ????????????????????? ???????? ????
global processing abilities (Mottron et al., 2006). Moreover, both theories 
assume increased (low-level) local processing abilities in individuals with 
ASD. The latter was not supported by our results. However, we measured 
local processing abilities with a complex conjunction VS task, in which 
performance is determined by multiple components. Therefore, enhanced 
???????????????????????????????????????????????????????????????????????????
in other component processes, indicating that other more low-level tasks 
might be better suited to test local visual processing in individuals with ASD.
4.2. ?????????????????????????????????????????????????????????????
??????????? ?????????????????????????????????????????????????????
observed. However, as mentioned above, on the ROCF task a group by 
gender interaction was found. Here, only the TD group showed a gender 
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???????????????????????????????????????????????????????????????????????????
????????????????????????????????? ??? ?????????? ????????????????? ????????????
showed that TD boys are more part-oriented than girls, although both genders 
have comparable local and global processing abilities. Booth (2006) only 
??????????????????????? ???????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
????????????? ?????????????? ??? ???????????????????????????????????? ????????
Duketis, Poustka, & Holtman, 2011; Lai et al., 2012). We observed no gender 
??????????????????????? ??????????????????????????????????? ?????????????? ????
locally oriented processing style compared to TD girls, at least for participants 
aged 8-18 years (see section 4.1.3, for a more elaborate discussion).
?????????????????????????????????????????????????????????????????
Attention to Detail scale of the DFlex questionnaire. On all tasks measuring 
local and global processing abilities, adolescents outperformed children. 
Furthermore, adolescents adopted a more globally oriented processing 
?????????????????????????????????????????????????????????????????????????
analyses, showing a negative correlation between age and performance on 
all local-global processing tasks. This implies that, as individuals grow older, 
both their local and global processing abilities improve and they develop 
?????????????????????????????????????????????????????????????????????????
reports (Booth, 2006; Happé & Booth, 2008). Additionally, we observed a 
???????????????????????????????? ???????? ????????????????????????????????????
children but not for adolescents (see above, for a more elaborate discussion). 
?????????????????????????? ?????????????????????????????????????????????????
??????????????????????????????????????????
Additionally, we found a negative correlation between FSIQ and 
performance on all local-global processing measures (except the similarity 
cost of the VS task), indicating that a higher FSIQ is associated with better 
local and global processing abilities and with a more globally oriented 
processing style (in line with Booth, 2006).
?????? ???? ??????? ??????? ??? ????? ???? ???? ????? ??? ?????????????
???????????????????????????????????????????????????????????????????????????????
confounds that should be controlled for, either by matching the groups on these 
variables or by including age and FSIQ as a covariate (however, see Dennis et 
al., 2009, for the risks associated with controlling for IQ). Furthermore, since 
????????????????? ??? ???????????????????????????? ?????? ??? ??????????? ?????
particular gender or age group, it is important to investigate these abilities 
in males and females and across a wide age range to obtain a full picture of 
local-global processing in individuals with ASD.
4.3. Correlations among local-global measures
To examine whether local and global processing abilities are in direct 
????????? ??? ??????????? ???????????? ??????????? ??? ??????????? ???? ???????
?????????????????????????????????????? ?????????????????????????????????????????
a negative correlation was to be expected, whereas no correlation was 
expected between independent abilities.
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Zero-order correlations between the local-global measures indicated 
a strong positive correlation between all measures. However, as mentioned 
above (see section 4.2), all local-global measures were also highly correlated 
with age and FSIQ. After controlling for these potential confounds, only one 
weak correlation remained between the local-global processing measures: 
We found that faster target detection on the VS task, thought to measure local 
??????????????????????????????????????????????????????????????????????????????
low-level global processing skills. Such a positive association was not 
anticipated, as it indicates that local and global processing abilities are not in 
??????????????????????????????????????????????????????????????????????????????
This association might depend on a common ‘general visual processing 
ability’. Yet, it might also maintain that the VS task additionally requires low-
level integration of information, as argued previously (see section 4.1.2), and 
????????????????????????????????????????????????????????????????????????????????
with previous observations of Booth (2006). Based on a factor analysis of 
low-level visuo-spatial tasks measuring local-global processing she obtained 
two factors: a visual segmentation and a visual integration factor. Both 
??????????????????????????????????????????????????????? ?????????????????????
but were negatively correlated in the ASD group. Our data, however, did not 
????? ?? ???????????? ???????????? ??? ????? ???????? ??????????????? ??? ????????????
was found between the VS similarity cost and any of the global processing 
measures, suggesting that this measure might be more independent of global 
??????????????? ????????????????????????????????????????????
???????????????????????????????? ?????????????? ????????????????????
processing measures (CM and FOO task). Although both tasks require 
integration of visual information, the lacking correlation indicates that they 
???????????????????????????????????????????????????????????????????????????????
??????? ?????? ??????????????? ?????????????????????????? ?????????????? ???? ?????
discrepancies are present. The CM task requires integration of motion stimuli 
in order to segregate the coherently moving dots from the random noise. This 
relies on dorsal visual stream functioning, critically involving V5/MT (Braddick 
et al., 2003; Britten, Shalden, Newsome, & Movshon, 1992). On the contrary, 
the FOO task requires form or contour integration, matching this form percept 
with object representations stored in memory and semantically labelling 
them. This relies more on ventral visual stream processing and addresses 
brain regions up to the prefrontal cortex (Bar, 2003; Mishkin, Ungerleider, & 
Macko, 1983; but see Braddick, O’Brian, Wattam-Bell, Atkinson, & Turner, 
2000). Other studies also found that global processing measures share 
relatively little variance (Booth, 2006; Milne & Szczerbinski, 2009), indicating 
that multiple processes are involved in perceptual integration, and suggesting 
??????????????????????????????????????????????????????? ?????????????????????
each other. In accordance with Booth (2006), we also found no association 
between processing style and local or global processing abilities, implying 
??????????????????????????????????????? ???????????
Finally, increased attention to detail in daily life, as rated by the parents, 
was associated with reduced CM sensitivity. Daily life situations are typically 
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characterized by many irrelevant sources of information and individuals 
endogenously have to select and direct attention in order to pick-up relevant 
signals. So, the communality with the CM task may be the requirement 
to endogenously select attention and integrate information in order to 
segregate a signal from noise. However, further research is needed to test 
this assumption.
????????????? ?????????????????????????????????? ????????????????????????
processing abilities. Overall, most tasks did not correlate, suggesting that they 
????????????????????????????????????? ??????????????????????????????????????????
2013). We anticipated the independence between local and global processing 
abilities as well as processing style and found that also both global processing 
measures did not correlate. This implies that multiple processes are involved 
????????????????????????????????????????????????????????????????????????????????
exist that may be independent of each other. It is important to realize this when 
aiming to chart global processing abilities of particular clinical populations. 
???????????????????????????????????????????????????????????????? ???????????????
global processing style and, although to a lesser extent, tasks measuring local 
processing abilities (Booth, 2006; Dale & Arnell, 2013; Milne & Szczerbinski, 2009). 
It is therefore argued that an overall picture of local-global processing requires 
multiple indices per domain, supplemented with several control tasks, which 
allows to empirically verify the validity of the measures (Milne & Szczerbinski, 
2009).
4.4. The association between local-global processing and ASD 
symptomatology
???????????????????????????????????????????????????????????????????????
in local-global processing and ASD symptom severity, corrected for FSIQ 
and age. Overall, we observed that poorer performance on some local-
global measures was associated with more RRBIs as well as with more 
social problems, contradicting the view that local-global processing would 
selectively relate to RRBIs (Happé & Frith, 2006; Happé & Ronald, 2008).
In general, both symptom domains were associated with reduced CM 
sensitivity and increased attention to detail in daily life. As indicated above, 
these local-global measures were mutually related and are hypothesized 
??? ??????? ???? ???????? ??? ????????? ?????????? ???????????? ????????? ??? ???????
Accordingly, the positive correlation with ASD symptoms might indicate 
that a reduced ability to globally integrate information embedded in noise 
is associated with more ASD symptoms. Note that the association between 
ASD characteristics and attention to detail in daily life was much stronger 
than the association with CM sensitivity. This stronger association may be 
due to a common informant bias for measures that were both based on 
parental report.
Additionally, slower performance and a higher similarity cost on the 
VS task were also associated with more social problems and RRBIs, as 
measured with the SRS. However, the wide variety of processes required 
in the VS task (see discussions above), makes it unclear what determines 
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the correlation with the ASD symptom domains. Interestingly, although group 
??????????? ????????????????? ??????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
this association may still emerge in older age groups, given that our TD boys 
still had to make the developmental shift to a more global processing style 
(see section 4.1.3).
????????????????????????????????????????????????????????????????????????
literature concerning the association between local-global processing and 
???? ??????????????? ??? ???? ??? ??????????? ??? ????????????? ????? ??? ????
????? ???????????????????????????????????????????????????????????????? ???
participants’ age (for a review, see Brundson & Happé, 2014).
Although associations were observed between local-global processing 
and ASD symptom severity, these associations were small (except between 
questionnaires) and do not necessarily imply a causal relation. According to 
some accounts, altered local-global processing is hypothesized to mediate the 
relation between brain abnormalities and behaviour and as such may cause 
(at least some) ASD symptoms (Brundson & Happé, 2014; Happé & Ronald, 
2008). Alternatively, Van de Cruys et al. (2014) propose a common underlying 
cause for both the cognitive and the behavioural ASD characteristics, creating 
a spurious correlation between them. Their basic idea is that ASD results 
??????????????????????????????????????????????????????????????????????????????
????????????????????? ?????????????????????????????????????????????????????? ???
(meta)learning, attention, perception, social motivation and so forth. Further 
research is needed to clarify the nature of the association between cognitive 
and behavioural ASD characteristics, as it has important implications for 
intervention.
5. General conclusions and future directions
Although individuals with ASD display more attention to detail in daily life 
????? ??? ?????? ?????? ?? ???????? ??? ????????????? ??????? ??????????? ???? ???? ?????
subtle when measured with laboratory tasks. On these more controlled tasks, 
?????? ?????????????????????????????????????????????????????????????????????????
????? ?? ???????? ??? ?????? ???? ????? ???????????? ????? ????? ???????????? ?????????
However, further research is needed to systematically investigate which factors 
underlie reduced global processing in ASD. Furthermore, evidence is found for 
intact (but not enhanced) local processing abilities and a more locally oriented 
processing style in ASD.
?????????????? ????????????????????????????????????????????? ??????????????
to a particular gender or age group, it is important to investigate these abilities in 
males and females and across a wide age range to obtain a full picture of local-
??????????????????????????? ????????????????????????????????????????????????????
???????????????? ?????????????????????????????????????????????????????? ????????
in these variables are potential confounds that should be controlled for. Since our 
study only included 8-to-18-year old children and adolescents with a FSIQ above 
??????????????????????????????????????????????????????????????????????????? ?????
outside this age and IQ range.
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?????? ????? ????????????????????????????????????????????????????????????
abilities, that are both independent of processing style. Additionally, although 
associations were observed between local-global processing and ASD symptom 
severity, further research is needed to specify the nature of this relationship. 
Besides, local and global processing abilities and processing style appear to be 
????????????????????????????? ???????????????????????????? ???????????????????
?????????????????????????? ??????????????? ????????
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Appendix
Table A1. Characteristics of all matched subsamples
n Age
Mean (SD)
FSIQ
Mean (SD)
Gender ratio
M:F
Group ratio
ASD:TD
ASD 50 12.21 (2.58) 104.32 (10.83) 30:20 -
   - Children 25 10.13 (1.30) 102.38 (9.40) 14:11 -
     Male 14 10.55 (1.20) 103.82 (9.68) - -
     Female 11 9.58 (1.28) 100.55 (9.16) - -
   - Adolescents 25 14.30 (1.66) 106.26 (11.97) 16:9 -
     Male 16 13.89 (1.15) 108.00 (13.96) - -
     Female 9 15.03 (2.21) 103.17 (6.91) - -
   - Male 30 12.33 (2.05) 106.05 (12.14) - -
   - Female 20 12.04 (3.26) 101.73 (8.13) - -
TD 50 12.48 (2.72) 107.72 (9.30) 30:20 -
   - Children   24 10.25 (1.15) 107.38 (8.28) 15:9 -
     Male 15 10.22 (1.12) 107.17 (8.55) - -
     Female 9 10.28 (1.26) 107.72 (8.32) - -
   - Adolescents 26 14.54 (2.03) 108.04 (10.30) 15:11 -
     Male 15 14.03 (1.34) 108.27 (10.02) - -
     Female 11 15.24 (2.61) 107.73 (11.15) - -
   - Male 30 12.13 (2.28) 107.72 (9.17) - -
   - Female 20 13.01 (3.26) 107.73 (9.73) - -
Children 49 10.18 (1.22) 104.83 (9.14) 29:20 25:24
   - Male 29 10.38 (1.15) 105.55 (9.10) - 14:15
   - Female 20 9.90 (1.29) 103.78 (9.31) - 11:9
Adolescents 51 14.42 (1.84) 107.17 (11.07) 31:20 25:26
   - Male 31 13.95 (1.22) 108.13 (12.01) - 16:15
   - Female 20 15.15 (2.38) 105.68 (9.54) - 9:11
Male 60 12.23 (2.15) 106.88 (10.70) - 30:30
Female 40 12.52 (3.26) 104.73 (9.35) - 20:20
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Abstract
Good endophenotypes of Autism Spectrum Disorders (ASDs) not only 
????????? ???? ???? ??????????????????????????????????????????????????????????????
of individuals with ASD than in the general population. We therefore investigated 
which cognitive characteristics are shared between ASD probands and their 
??????????????????????????????????????????????????????????????????????? ?????????
of TD individuals (matched for gender, age, and IQ) on those EF and local-global 
????????????????????????????????????????????????????????????????????????
probands and TD controls. Concerning EF, we found that relatives of individuals 
???????????????? ? ?????????? ??? ????????? ??????????????????????????????????????
generativity measured with EF tasks, and that they displayed EF impairments in 
???????????????????????????????????????????????????????????????????????????????
found on any of the tasks, but relatives of individuals with ASD did show more 
????????????????????????????????????????????????????????????????????????????????
siblings and parents of probands with ASD. Furthermore, when comparing the 
?????????????????????????????????????????????????????????????????????????? ?????
and multiplex ASD families) with those of the multiplex only sample (comprising 
????????????????????????????????????????????????????????????????????????????????
???? ?? ?????????? ????? ?????????? ???????? ???????? ?????????????????????????
?????? ???? ???????? ???????? ????? ??????? ? ?????????? ??? ????????? ????????????
?????????????????????????????????????????????????????????????????????????????????
?????????????? ???????? ????????? ?????????? ??? ?????????? ?????????????????? ???
evaluate the additional endophenotype criteria.
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1. Introduction
??? ???? ????????? ???? ?????????? ??? ???????? ??????????? ??? ??????????
Functioning (EF) and local-global visual processing in children (8-18 years) 
with an Autism Spectrum Disorder (ASD) compared to Typically Developing 
(TD) children. We found that children with ASD showed impairments in all EF 
????????? ??? ??????? ???? ???? ?????????????????? ????? ??? ???????????????
to) open-ended compared to highly structured settings. Furthermore, they 
displayed a more locally oriented processing style, intact local processing 
abilities and selective global processing impairments on visual tasks with 
high integrative demands.
In this chapter, we will investigate to what extent these cognitive 
???????????????????? ?????????? ?????????????????????????? ????????????? ??????
individuals with ASD (further referred to as ASD relatives). As outlined in the 
general introduction, good endophenotypic traits not only co-occur with 
?????????????????????????????????????????????????????????????????????????????
in the general population. Since good endophenotypic characteristics are 
genetically determined and ASD relatives partially share the same genes with 
the ASD proband, a number of these relatives is also expected to partially share 
the same endophenotypes. Therefore, if EF impairments and/or alterations 
in local-global visual processing constitute valuable ASD endophenotypes, 
???????????????????????????????????????????????????????????????????????????????
these characteristics may be less pronounced as in the ASD probands.
Several studies have already examined EF and local-global visual 
processing (or central coherence) in ASD relatives. Although some studies 
have provided evidence for alterations in these cognitive domains, others 
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????? ??????????????????????????
between studies in the applied measures, the included ASD relatives 
(parents and/or siblings), the comparison group (TD individuals or relatives of 
individuals with Down syndrome, intellectual disability, obsessive compulsive 
disorder, etc.), matching criteria, sample size, etc. (see Table 1). In the present 
study, we administered all EF and local-global processing measures of our 
????? ???????? ??? ???? ?????????????? ?????????? ?????????????? ???? ?????????? ???
the ASD probands previously described in Chapters 4 and 5, and compared 
them with TD individuals, matched for age, gender and IQ. However, we will 
????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
good ASD endophenotype. Large samples (N = 216) were recruited to ensure 
????????????????????????????????????????
Besides investigating the cognitive abilities of the ASD relatives as a 
whole group (containing both parents and siblings), we also examined whether 
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
genetic relationship with the ASD proband. Parents share approximately 50% 
of their DNA with their child with ASD. Although siblings on average also 
share half of their genes, there is more variation in the degree of genetic 
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overlap and they may share more epigenetic factors with the ASD proband 
than the parents, due to a common environment. Furthermore, genetically 
determined cognitive characteristics may only emerge at a certain age and 
may become either more or less apparent with age, leading to respectively 
????????????????????????????????????????????????????????????????????????????
have either found more pronounced cognitive anomalies in parents compared 
to siblings (Briskman, Happé, & Frith, 2001; Happé, Briskman, & Frith, 2001; 
Wong, Maybery, Bishop, & Hallmayer, 2006), or obtained similar results for 
both (see Table 1).
Our group of ASD relatives comprises individuals from simplex families 
(ASD families with one ASD proband) and individuals from multiplex families 
(ASD families with more than one member with ASD). There are indications 
????????????????????????????????????????????????????????????????????????????
with an increased prevalence of de novo (or non-inherited) mutations causing 
ASD in simplex versus multiplex families (Marshall et al., 2008; Pinto et al., 
2010; Sebat et al., 2007). Therefore, the chance that ASD genes run in the 
family, and are thus shared by ASD relatives, is higher in multiplex compared 
????? ?????????????????????????????????????????????????????????????????????
ASD relatives from multiplex families show more pronounced broader autism 
phenotype traits than family members from simplex families, probably due 
to an increased chance of sharing ASD susceptibility genes with the ASD 
proband (Constantino, Zhang, Frazier, Abbacchi, & Law, 2010; Gerdts, Bernier, 
Dawson, & Estes, 2013; Virkud, Todd, Abbacchi, Zhang, & Constantino, 2009; 
???????????????????????????????????????????????????????????? ?????????????????
expect a higher occurrence of ASD-like cognitive characteristics in multiplex 
versus simplex ASD relatives. Noteworthy in this regard, however, is the 
??????????? ??????????????????????????????????????????????????????????????????
multiplex families, reliably determining ‘true’ simplex families is debatable, 
especially if there is only one child in the family. It can never be ruled out 
that an additional child would have ASD, thereby changing the family status 
from simplex to multiplex (De la Marche et al., 2012). Given the uncertainty 
of the ‘simplex family’ status, we did not directly compare multiplex and 
simplex family members. However, we did separately compare multiplex ASD 
relatives to TD individuals. Only parents were included in this comparison, 
since we only had data from eight multiplex siblings, with a variable age. 
Including these siblings would induce much undesirable variation given the 
?????????????????????????????????????????????????????????????????????
If EF impairments and altered local-global visual processing are good 
???????????????????????????????????????????????????????????????????????
from TD individuals, but would perform similarly to ASD probands (although 
maybe less pronounced). Thus, based on Chapters 4 and 5, we would expect 
ASD relatives to show EF impairments, a more locally oriented processing 
style, and reduced global processing abilities. However, regarding EF, 
Johnson (2012) has suggested an interesting alternative. He argues that good 
EF skills might form a protective factor against developing ASD by enabling 
individuals to compensate for their atypicalities. According to this alternative 
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view, ASD relatives who share some ASD risk genes but who do not have 
ASD themselves are expected to show better EF performance compared to a 
TD group. Both views will be evaluated in light of the results.
2. Method
2.1. Participants
In total, 216 Dutch speaking individuals were included in this study, of 
?????????? ??????????????????????????????????????????????????????????? ???
also tested, see Chapters 4 and 5) and the other 100 were TD individuals. The 
ASD relatives group comprised 36 siblings and 80 parents, aged between 
8 and 18 years and between 30 and 60 years, respectively. None of them 
had ASD, nor any organic or known genetic disorder that is etiologically 
??????? ????? ???? ??????? ???????? ??? ?????????????????? ??????? ????????? ??????
ASD relatives were diagnosed with a psychiatric disorder (three had ADHD, 
three had dyslexia, one had an anxiety disorder and one had an obsessive 
compulsive disorder combined with a panic disorder), and two of them took 
psychoactive medication targeted at these problems. A subset of the ASD 
relatives were part of a multiplex ASD family. Since this was the case for 
??????????????????????????????????????????????????????????????????????????????
decided to only include the parents from the multiplex families (n = 37) in the 
comparison between multiplex ASD relatives and TD individuals.
The ???????? consisted of 42 children and 58 adults, aged between 
8 and 18 years and between 30 and 60 years, respectively. They were 
recruited through schools, personal contacts and advertisements. According 
??????????????? ????????????????????? ??????? ??????????????????????? ?????? ?????
degree relatives presented with a neurological or psychiatric disorder. 
Furthermore, all TD individuals scored at least 2 SD below the mean on the 
Social Responsiveness Scale (SRS; Noens, De la Marche, & Scholte, 2012; 
Roeyers, Thys, Druart, De Schryver, & Schittekatte, 2011) and none of them 
showed repetitive or stereotyped patterns of behaviour as measured with 
??????????????????????????????????????????????????????????????????????????
Lewis, 2000). 
All participants had a verbal (VIQ), performance (PIQ), and full-scale 
IQ (FSIQ) above 70. ASD relatives and TD individuals were group-wised 
matched for gender-ratio, age and IQ (see Table 2). This was the case for 
the full sample, but also for the children and adults separately as well as for 
the multiplex sample. Descriptive statistics for both groups are displayed in 
Table 2.
Informed consent was obtained from the participants’ parents and 
from participants aged 16 years or older. The study protocol was approved 
by the Medical Ethical Committee of the University Hospitals Leuven and the 
Ethical Committee of the Faculty of Psychology and Educational Sciences of 
the KU Leuven.
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2.2. Measures
2.2.1. Intelligence
Intelligence was estimated with an abbreviated version of the Dutch 
Wechsler Intelligence Scale for Children (WISC-III-NL; Kort et al., 2005) or 
Wechsler Adult Intelligence Scale (WAIS-III-NL; Wechsler, 2005), containing 
four subtests: Vocabulary, Similarities, Picture Completion and Block Design 
(Sattler & Saklofske, 2001).
2.2.2. EF, local-global processing and control measures
In this chapter we only report measures of tasks and questionnaires for 
?????????????????????????????????????????????????????????????????????
on the main outcome measure(s) (see Chapters 4 and 5). Additional and 
?????????????????????????? ????????? ??? ????????? ????????????????????????????
were found between ASD relatives and TD individuals on the corresponding 
main variables). An overview of all measures is provided in Table 3. For a 
more detailed description of the measures, see Chapter 4 and Chapter 5, 
respectively1.
2.3. Procedure
Participants were tested individually in a quiet room, either at the 
University Hospital or at school. The whole testing took about four hours, 
divided into four 1-h sessions. Enough breaks were provided to avoid fatigue. 
Additionally, computerized tasks were alternated with other task formats to 
???????????????????????????????????????????????????????????????????????????????
order of tasks within a session were counterbalanced. Participants received a 
small reward for their participation.
Computerized tasks were run on a Dell Latitude E6400 notebook. For 
the Go/No-Go and the Switch task, participants were seated 50 cm from 
the notebook’s screen, set to pixel resolution 1024 by 768. For the other 
computerized tasks, a 17-inch Elo Entuitive touch screen was used at a 
distance of 57 cm and a pixel resolution of 1280 by 1024 (640 by 480 for the 
?????????????????????????????????????????????????????????????????????????
ensuring good stimulus visibility.
Questionnaires for the children were completed by the participants’ 
parents. Self-report forms were used for the adults.
1 The references for all tasks and questionnaires are also mentioned in Chapters 4 and 5, 
except for the adult version of the BRIEF, since this instrument was only administered to the adults 
in this study. The reference for this questionnaire is: Scholte, E., & Noens, I. (2011). BRIEF-A: 
Executieve functies gedragsvragenlijst voor volwassenen. Amsterdam: Hogrefe Uitgevers.
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Table 3. An overview of all EF, local-global processing and control measures. In 
black, tasks/questionnaires that were the focus in this study, since we found 
??????????? ??????????? ???????? ???? ????????? ???? ??? ???????????? ??? ????
main outcome measure(s). In grey, the other tasks and measures that were 
part of the neurocognitive battery
Tasks/questionnaires per 
cognitive domain
Main outcome measures Additional/control measures
EF tasks:
Inhibition:
Go/No-Go task % No-Go errors % errors on infrequent Go 
trial
RT on infrequent Go trials
Flanker task Inhibition cost RT -
Inhibition cost % errors
?????????????????????
WCST-WCTS Switch cost RT -
Perseverative errors
Switch task Switch cost RT -
Switch cost % errors
Generativity:
Uses of Objects task Correct responses Number of responses
% incorrect responses
% redundant responses
% repetitions
Design Fluency test 
(D-KEFS)
Correct responses -
Spatial working memory:
Spatial Working Memory 
test (CANTAB)
Total errors on 4, 6 and 8 box 
trials
Search strategy
Spatial Span test  
(WNV-NL)
Correct trials -
Planning:
Tower test (D-KEFS) Move accuracy ratio Time per step
First step latency
EF questionnaires: 
BRIEF Inhibition scale -
Shifting scale
Working memory scale
Planning scale
   DFlex Cognitive rigidity -
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Local-global processing 
tasks:
Processing style:
ROCF Fragmentation score -
Global processing abilities:
Coherent Motion task Coherent motion threshold -
Fragmented Object 
Outlines task
???????????????????????????
?????????????????????????????
Proportion of unrecognized 
objects
Local processing abilities:
Visual Search task Target detection latency -
Similarity cost
Local-global processing 
questionnaire:
DFlex Attention to Detail -
Additional control measures
Motor screening
Motor Screening test 
(CANTAB)
Response latency -
Simple Reaction Time task Response latency -
Processing speed
Flanker task RT compatible trials -
WCST-WCTS RT maintain trials -
Switch task RT maintain trials -
EF: Executive Functioning; RT: Reaction Time; WCST-WCTS: Wisconsin Card 
Sorting Test With Controlled Task switching; D-KEFS: Delis–Kaplan Executive 
Function System; CANTAB: Cambridge Neuropsychological Test Automated Battery; 
WNV-NL: Wechsler Nonverbal Scale of Ability – Dutch Version; BRIEF: Behavior 
Rating Inventory of Executive Function; DFlex: Detail and Flexibility questionnaire; 
ROCF: Rey-Osterrieth Complex Figure
Tasks/questionnaires per 
cognitive domain
Main outcome measures Additional/control measures
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2.4. Data analyses
Prior to analyses, appropriate transformations (square root or logarithm 
base 10) were applied if necessary to obtain normally distributed variables. 
In the tables, the values for the mean and standard deviations result from the 
raw, non-transformed variables. For the RT data, only the correct trials were 
used and within-subject outliers (> 2.5 SD of the participant’s own mean) 
were excluded. Group outliers (> 2.5 SD of the group mean) were excluded 
for all variables. Analyses were performed with and without exclusion of 
group outliers, except for two variables that only showed a normal distribution 
for the full sample after outlier exclusion (i.e. the switch cost RT and the 
perseverative errors of the WCST-WCTS). As analyses with and without 
outlier exclusion yielded essentially the same results, for the former set of 
variables only analyses including group outliers are reported.
?????????????????????????????????????????????????????????????????????
(ASD relatives vs. TD), age (children vs. adults) and the Group x Age interaction, 
???????????????????????????????????????????????????????????????????????????
??????????????????????? ?????????????????????? ????????????? ??? ?????????????
???????????????????????????????????????????????????????????????????????????
cost RT of the Switch task and the fragmentation score of the ROCF task, 
??????????????????????????????????????????????????????????????????????????
???????? ???????????? ????????? ?????????? ?????? ????????? ??? ???? ???????????
(and thus not reported). The three-way interaction between group, age and 
gender was not examined, since the number of observations in each cell was 
too small to produce reliable results. For all additional and control measures 
????? ?????? ???? ????? ???? ?????? ??? ?????????? ???????????????? ??????????????
????????????????????????????????????????? ????????????????????????????????
?????????????????????????????????????????????????? ?????????????????????????
emerged on the main EF or local-global processing measures, we examined 
whether they remained after controlling for possible confounding variables.
ANOVA was applied for most measures. Repeated-measures mixed 
model analyses were used when within-subject variables were included (for 
the main outcome measures of the Uses of Objects task and the Spatial 
Working Memory test), and to analyse the repeated measures of the processing 
??????????????????????????????????????????????????????????????? ???????????????
interaction with group and the three-way interaction with Group x Age. These 
??????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
non-parametrically Mann-Whitney U??????????????????????????????????????????
of group (for the full sample: the switch cost % errors of the Switch task, 
the % Go errors and the % redundant responses on the Uses of Objects 
task; for the multiplex sample: the perseverative errors of the WCST-WCTS 
?????????????????????????????????????????????????????????????????? ?????????
p < .05 (two-sided) was adopted for all analyses. Cohen’s d ?????? ??????
were calculated for all main EF and local-global processing measures, by 
????????? ???? ???? ????? ?????? ?????????? ??????? ?????????????? ??? ???? ?????
??????????????????????????????????????? ?????1?????2²)/2], Cohen, 1988). For 
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??????????????????? ????????????????? ???? ???? ???????????????????????????
not be derived from the model and in that case we simply calculated the 
???????????????????????????? ???????????????????????????????????????????????
considered small, values around 0.5 are medium and values of 0.8 or above 
??????????????????????????????????????????
For some variables there were missing data, but these were always 
limited to at most three participants.
???? ???? ????????? ??? ?????? ??? ?????? ??????????? ?????? ????????????
???????????????? ???? ???????????? ??????????????????????????????????????????
repeating the analyses, excluding these participants from the sample. This 
?????????????????????????????????????????????????????????????????????????
scale of the BRIEF. Therefore, only for this BRIEF scale additional results 
are reported. These additional analysis were only necessary for the full 
sample, since the multiplex sample did not contain any ASD relatives with a 
psychiatric diagnosis.
3. Results
3.1. EF instruments
Table 4 presents the statistics of the main EF measures for the full 
and the multiplex sample. For the full sample, statistics are provided for the 
??????? ??? ??????? ???? ???? ???? ?????? ??? ???? ????????????? ???? ??????????????
???????? ??????????? ???? ????????????????????????????????????????????????????
comparing ASD relatives versus TD individuals are presented in Figure 1. 
????????????????????????????????????????? ????????????????????????????????????
group for both samples are shown in Table 5. In Appendix A (p. 175 - 177), 
Table A1 presents the descriptive statistics (mean and standard deviations) 
comparing children and adults on all main EF measures for the full sample, 
while Table A2 displays the descriptive statistics comparing ASD relatives 
with TD in dividuals, for children (ASD siblings) and adults (ASD parents) 
separately.
3.1.1. Go/No-Go task
On the Go/No-Go task, ASD relatives in the full sample had a higher 
??????????????????????? compared to TD individuals. Additionally, children 
???????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
?????? ???? ??????????????? ?????? ?? ???? ????????????? ????? ??? ???? ??????????
sample the percentage No-Go errors was higher for the ASD parents than for 
TD individuals. 
For ??? ???? ??????????? ??????? ??? ???????? ??????????? ??? ??????, both 
groups performed comparably and this was the case for both the full and the 
multiplex sample.
158 EF and Local-global visual processing in ASD relatives
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
??
??
??
??
??
??
??
??
??
??
?
?
?
???
??
???
??
??
??
??
?
???
??
??
??
??
??
??
??
??
??
??
??
???
??
??
???
?
?
???
??
???
??
??
??
??
?
???
??
??
??
??
??
??
??
??
??
??
??
??
??
??
???
??
???
???
??
??
??
??
??
??
??
??
???
??
??
??
??
??
??
??
??
??
??
??
???
???
??
???
???
??
??
??
??
?
??
???
??
??
??
?
??
??
??
??
??
???
??
?
??
???
???
??
??
TD
??
???
???
???
??
?
??
???
???
???
?
G
ro
up
 x
 A
ge
 
??
???
M
ea
su
re
s 
pe
r 
EF
 d
om
ai
n
M
ea
n 
(S
D
)
M
ea
n 
(S
D
)
???
???
???
???
p
F??
???
??
?
p 
F??
???
?
p
Fu
ll 
sa
m
pl
e 
EF
 ta
sk
s:
 
?????
???
???
???
   
   
G
o/
N
o-
G
o 
ta
sk
: %
 N
o-
G
o 
er
ro
rs
13
.2
5 
(1
1.
53
)
11
.7
1 
(1
0.
95
)
F 
= 
5.
17
.0
2
52
.9
8
< 
.0
01
0.
63
.4
3
????
??
???
???
??
???
????
??
   
  W
CS
T-
W
CT
S:
 S
w
itc
h 
co
st
 R
T
51
5.
29
 (2
99
.1
1)
47
2.
27
 (3
41
.5
1)
F 
= 
1.
81
.1
8
1.
62
.2
1
0.
27
.6
0
??
???
???
??
???
???
???
0.
75
 (1
.2
4)
0.
43
 (0
.4
2)
F 
= 
6.
89
.0
09
22
.0
6
< 
.0
01
0.
42
.5
2
   
  S
w
itc
h 
ta
sk
: S
w
itc
h 
co
st
 R
T
33
7.
68
 (1
11
.3
9)
33
9.
98
 (9
7.
65
)
F 
= 
0.
11
.7
4
0.
01
.9
3
0.
39
.5
3
Sw
itc
h 
co
st
 %
 e
rr
or
s
0.
75
 (2
.1
7)
0.
77
 (2
.6
4)
U
 =
 1
06
89
.7
0
a
a
a
a
????
??
???
??
???
?
?????
??
???
???
??
???
????
???
??
   
   
   
  C
or
re
ct
 re
sp
on
se
s
10
.0
1 
(3
.8
1)
11
.3
3 
(4
.0
7)
F 
= 
12
.6
7
< 
.0
01
68
.9
0
< 
.0
01
0.
07
.7
9
????
??
??
???
???
???
??
??
???
??
   
????
??
????
???
???
??
??
???
???
???
   
   
   
   
To
ta
l e
rr
or
s
7.
79
 (5
.2
4)
8.
48
 (6
.4
8)
F 
= 
0.
05
.8
3
16
.3
3
< 
.0
01
0.
18
.6
7
???
??
???
??
??
???
??
????
???
???
???
???
??
?
11
.8
1 
(3
.0
0)
11
.7
7 
(2
.8
3)
F 
= 
0.
63
.4
3
55
.6
8
< 
.0
01
0.
22
.6
4
??
???
??
9.
35
 (2
.7
5)
9.
40
 (2
.5
0)
F 
= 
0.
08
.7
8
33
.4
3
< 
.0
01
0.
13
.7
1
W
or
ki
ng
 m
em
or
y
13
.0
6 
(3
.9
3)
12
.5
1 
(3
.6
6)
F 
= 
4.
89
.0
3
68
.6
4
< 
.0
01
0.
06
.8
0
Pl
an
ni
ng
16
.3
9 
(5
.2
5)
15
.5
2 
(3
.8
3)
F 
= 
6.
79
.0
1
71
.6
2
< 
.0
01
3.
05
.0
8
????
???
????
??
???
???
???
???
??
31
.6
7 
(1
1.
22
)
25
.7
9 
(9
.3
1)
F 
= 
8.
46
.0
04
12
.4
4
< 
.0
01
0.
01
.9
4
159EF and Local-global visual processing in ASD relatives
??
???
???
???
??
??
EF
 ta
sk
s:
 
?????
???
???
???
   
   
G
o/
N
o-
G
o 
ta
sk
: %
 N
o-
G
o 
er
ro
rs
10
.4
7 
(7
.8
9)
7.
90
 (7
.1
4)
F 
= 
3.
88
.0
48
????
??
???
???
??
???
????
??
   
  W
CS
T-
W
CT
S:
 S
w
itc
h 
co
st
 R
T
61
8.
21
 (5
15
.9
6)
61
8.
29
 (1
16
9.
71
)
F 
= 
1.
83
.1
8
??
???
???
??
???
???
???
1.
41
 (2
.7
3)
0.
57
 (1
.2
6)
U
 =
 1
83
0
.0
5
   
  S
w
itc
h 
ta
sk
: S
w
itc
h 
co
st
 R
T
35
1.
74
 (1
15
.6
4)
33
6.
59
 (8
8.
11
)
F 
= 
0.
52
.4
7
Sw
itc
h 
co
st
 %
 e
rr
or
s
0.
58
 (1
.3
7)
0.
22
 (1
.3
4)
F 
= 
1.
55
.2
2
????
??
???
??
???
?
?????
??
???
???
??
???
????
???
??
   
   
   
  C
or
re
ct
 re
sp
on
se
s
10
.8
6 
(3
.4
3)
13
.0
8 
(3
.3
3)
F 
= 
9.
97
.0
02
????
??
??
???
???
???
??
??
???
??
?????
??
??
????
???
???
??
??
???
???
???
   
   
   
   
To
ta
l e
rr
or
s
6.
72
 (4
.5
3)
7.
20
 (6
.1
2)
F 
= 
0.
68
.4
1
???
??
???
??
??
???
??
????
???
???
???
???
??
?
11
.3
8 
(2
.6
8)
10
.5
5 
(1
.9
6)
F 
= 
2.
61
.1
1
??
???
??
8.
92
 (2
.6
2)
8.
50
 (1
.9
8)
F 
= 
0.
47
.4
9
W
or
ki
ng
 m
em
or
y
11
.9
7 
(3
.0
5)
10
.9
5 
(2
.3
8)
F 
= 
3.
01
.0
9
Pl
an
ni
ng
15
.0
3 
(4
.3
8)
13
.9
5 
(2
.6
9)
F 
= 
1.
22
.2
7
????
???
????
??
???
???
???
???
??
34
.7
5 
(1
2.
51
)
28
.9
9 
(9
.0
2)
F 
= 
3.
72
.0
6
a ??
??
???
??
???
???
??
???
???
???
???
???
??
??
??
???
???
???
??
??
???
??
????
???
???
???
???
??
????
???
???
???
??
???
???
??
???
???
??
???
???
???
???
???
???
??
??
??
???
?
EF
: E
xe
cu
tiv
e F
un
ct
ion
ing
; A
SD
: A
ut
ism
 S
pe
ct
ru
m
 D
iso
rd
er
; T
D:
 Ty
pic
all
y D
ev
elo
pin
g;
 W
CS
T-
W
CT
S:
 W
isc
on
sin
 C
ar
d 
So
rti
ng
 Te
st 
W
ith
 
Co
nt
ro
lle
d 
Ta
sk
 sw
itc
hin
g;
 R
T: 
Re
ac
tio
n 
Tim
e; 
BR
IE
F:
 B
eh
av
ior
 R
at
ing
 In
ve
nt
or
y o
f E
xe
cu
tiv
e F
un
ct
ion
; D
Fle
x: 
De
ta
il a
nd
 F
lex
ibi
lity
 q
ue
sti
on
na
ire
??
???
???
??
??
TD
??
???
???
???
??
?
??
???
???
???
?
G
ro
up
 x
 A
ge
 
??
???
M
ea
su
re
s 
pe
r 
EF
 d
om
ai
n
M
ea
n 
(S
D
)
M
ea
n 
(S
D
)
???
???
???
???
p
F??
???
??
?
p 
F??
???
?
p
160 EF and Local-global visual processing in ASD relatives
3.1.2. WCST-WCTS
For the ?????????????????????? ???????????????????????????????????
?????????????? ??????????????????????????????????????????????????????????
interaction in the full sample.
However, ASD relatives made more perseverative errors than TD 
individuals in both samples (full and multiplex). For the full sample, we also 
????????????????????????????????????? ?????? ???????????????????????????????
????????????????????????????????????????????????????????????????? ????????????????
???????????????????????????????????????????????????????????????????????????
?????????????????????F(1,202) = 4.74, p = .03). A similar analysis could not be 
performed for the multiplex sample, since the number of perseverative errors 
could not be tested parametrically, due to a highly skewed distribution.
3.1.3. Switch task
Regarding the Switch task, for both the ?????????????? and the switch 
cost percentage errors??????????????????????????? ?????????? ????????? ????
case for both samples (full and multiplex). Furthermore, for the switch cost 
?????????????????????????????????????????????????????????????????????????
interaction. (For the switch cost percentage errors of the full sample, the 
???????????????????????????????????????????????????????????????????????????
the Group x Age interaction in the model.)
3.1.4. Uses of Objects task
In the full sample, ASD relatives generated fewer correct answers on 
the Uses of Objects task, combined with a higher percentage of redundant 
responses and an equal number of total responses. Furthermore, more correct 
answers were given on non-conventional compared to conventional items 
(F(1,216) = 334.61, p < .001), and by adults compared to children, but no Group 
x Age interaction was found. In the multiplex sample, the number of correct 
answers was also smaller for the ASD parents than for TD adults, since they 
had a higher percentage of incorrect answers and generated an equal number 
of total responses. Additionally, more correct answers were also provided on 
non-conventional compared to conventional items (F(1,95) = 143.44, p < .001).
After controlling for inhibition impairments (i.e. percentage No-Go errors), 
??????????????????????????????????????????????????????????????????????????????
samples (full sample: F(1,216) = 9.58, p = .002; multiplex sample: F(1,216) = 
7.82, p = .006).
3.1.5. Spatial Working Memory task
On the Spatial Working Memory task, both groups made an equal 
number of errors and this was the case for the full and the multiplex sample. 
For both samples, more errors were made when the Number of Boxes (NBox) 
increased (full sample: F(2,428) = 557.05, p < .001; multiplex sample: F(2,188) 
= 220.44; p??????????????????????????????????????????????????????????????????
thus not included in the model. For the full sample, children also made more 
?????????????????????????????????????????????????????????????????????
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3.1.6. BRIEF
Concerning the subscales of the BRIEF, in the full sample ASD relatives 
????????????????????????????????????? ???????? ??????????????? ????????????
Memory and the Planning subscales. However, when the eight ASD relatives 
????? ?? ???????????? ?????????? ????? ?????????? ???? ?????? ??????????? ??? ????
???????? ???????????????????????????????????F(1,197) = 2.54, p = .11). For 
?????????????????????????????????????????????????????????????????????????????
than adults, but no Group x Age interaction. For the multiplex sample, no 
?????????????????????????????????????????????????????????????? ????????????
memory problems of ASD parents compared to TD individuals (despite higher 
Cohen’s d??????????????????????????????????????????????????????????????????
for planning).
Figure 1. ?????????????????? ????????????????????????? ??????????????????????? ??????
comparing ASD relatives and TD individuals on the main EF and local-global 
???????????????????????????????????????????????????????????????????????
with ASD and TD individuals. The grey bars display the results of the full 
sample, while the black bars represent the results of the multiplex sample. 
Positive scores indicate better performance for TD individuals versus ASD 
relatives. WCST-WCTS: Wisconsin Card Sorting Test With Controlled Task 
Switching; BRIEF: Behavior Rating Inventory of Executive Functioning; 
DFlex: Detail and Flexibility questionnaire; ROCF: Rey-Osterrieth Complex 
Figure.’
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Table 5. Performance on the additional EF and control measures of the ASD relatives 
?????????????????????????????????????????????????????????????????????????????????
reported for the full and the multiplex sample respectively
???????????? TD ??????????????
Measures per task Mean SD Mean SD
Test-
???????? p
Full sample
 Go/No-Go task
????????????????????????? ??????? 0.17 0.82 0.16 0.79 U = 10824 .91
RT 381.13 48.34 391.77 45.15 F = 2.80 .10
?????????????????????
?????????????????????? 41.19 15.01 42.51 15.83 F = 0.40 .53
   % incorrect responses 34.56 14.15 31.25 15.98 F = 2.62 .11
??? ?????????? 5.84 5.33 5.50 5.04 F = 0.23 .63
   % redundant responses 13.16 8.05 10.69 6.97 U = 9832 .03
 Motor Screening test
   Response latency 763.33 174.09 815.80 203.64 F = 4.13 .04
 Processing speed measures
   RT maintain trials: WCST-WCTS 920.55 957.90 871.99 513.89 F = 0.03 .87
Switch task 492.56 87.47 506.39 84.62 F = 1.62 .20
???????????????
 Go/No-Go task
????????????????????????? ??????? 0.00 0.00 0.00 0.00 - -
RT 371.52 39.92 375.33 42.31 F = 0.20 .66
?????????????????????
?????????????????????? 43.03 12.15 46.14 14.25 F = 1.20 .28
   % incorrect responses 33.68 13.62 27.73 12.99 F = 4.56 .04
??? ?????????? 5.31 4.11 5.23 4.36 U = 1811 .79
   % redundant responses 12.15 6.59 10.31 6.84 F = 1.67 .20
 Motor Screening test
   Response latency 787.28 131.93 776.01 124.66 F = 0.17 .68
 Processing speed measures
   RT maintain trials: WCST-WCTS 484.26 68.42 481.10 73.24 F = 0.70 .80
Switch task 1145.43 1631.17 841.48 634.21 F = 1.65 .20
EF: Executive Functioning; ASD: Autism Spectrum Disorder; TD: Typically Developing; 
RT: Reaction Time; WCST-WCTS: Wisconsin Card Sorting Test With Controlled Task 
Switching; 
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3.1.7. DFlex questionnaire: Cognitive rigidity
Compared to TD individuals, ASD relatives of the full sample had a 
higher Cognitive Rigidity score on the DFlex questionnaire. Moreover, adults 
had a higher score than children, but no Group x Age interaction was found. 
???? ?????????????????????? ???????????????????????????????????? ????????????
despite a higher Cohen’s d????????????
3.2. Additional control measures
???????????????????????????????????????????????????????????????????????????
control measures for the full and the multiplex sample. 
3.2.1. Motor screening
The response latency on the Motor Screening test was higher in TD 
compared to ASD relatives, but only for the full sample.
3.2.2. Processing speed
???? ????? ????????? ?????? ????? ??? ?????? ??????????? ??? ???? ??? ????
processing speed measures (RT on maintain trials of the WCST-WCTS and 
the switch task). 
3.3. Local-global processing measures
Table 6 presents the statistics of the local-global processing measures 
for the full and the multiplex sample. For the full sample, statistics are 
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
Figure 1. In Appendix B (p. 178 - 179), Table B1 presents the descriptive 
statistics (mean and standard deviations) comparing children and adults on all 
local-global processing measures for the full sample, while Table B2 displays 
the descriptive statistics comparing ASD relatives with TD individuals, for 
children (ASD siblings) and adults (ASD parents) separately.
3.3.1. Rey-Osterrieth Complex Figure (ROCF) task
??????????????????????????????? ??????????????????????????????????
found in either sample. Furthermore, in the full sample we found that children 
had a higher fragmentation score than adults, without a Group x Age 
interaction.
3.3.2. Coherent Motion task
Both groups had a comparable coherent motion threshold and this 
was the case for both samples (full and multiplex sample). For the full sample, 
children had a higher threshold compared to adults, but no Group x Age 
interaction was observed.
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3.3.3. DFlex questionnaire: Attention to Detail
In the full sample, ASD relatives had a higher score on the Attention 
?????????????????????????????????????????????????????????????????????????????
age or a Group x Age interaction. However, the multiplex ASD parents did not 
??????????????????????????????????
The results of all other measures that were described in Chapters 4 
and 5, but were not reported here, can be found in Appendix C (p. 180 - 
183). See Table C1, Table C2 and Table C3 for the results of the main EF 
measures, the additional EF and control measures and the local-global 
????????????????????????????????????????????????????????????????????????
observed between ASD relatives and TD controls on any of these EF or local-
?????????????????? ?????????????????????????????????????????????????????????
between ASD probands and TD individuals.
4. Discussion
In this chapter we investigated which cognitive characteristics are 
??????? ???????? ???? ????????? ???? ?????? ????? ??????? ??????????? ????? ????
done by comparing the performance of these ASD relatives with that of TD 
individuals (matched for gender, age and IQ) on those EF and local-global 
??????????? ????????????????????????????????????????????????????????????
ASD probands and TD controls.
4.1. ASD relatives versus controls
4.1.1. Executive functioning
??? ???? ??? ??????? ??? ?????? ????? ???? ?????????? ??????? ?????????????
? ??????? ????????? ??????????? ?????????? ??????? ?????????? ??????????? ? ????
??????????????????????? ????????????????? ???????????? ???? ???????????????????
????????????????????????????????? ??????????????????????????????????????????
in these EF domains, since groups were matched for several confounding 
????????????????????????????????????????????????????????????????????????????
?????????? ???? ?????? ??????????? ????????? ?????? ???????????? ???? ?????????
???????????? ??? ????????????? ??????????????? ????????? ?????? ??????????? ???
???????????????????????????????????????????????????????????????????????????????
??????????????????????????????? ??????????????????? ?????????????????????????
?????????????????????????????????????????????????????????????????????????????????
? ???? ????????????????????????? ??????? ???????? ???? ??????? ?????????? ???
relatives compared to TD controls, and they also found the most pronounced 
?????????????????????????????????????????????????????????????????? ?????????
??? ???????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
? ?????????? ??? ???? ?????????????? ???????? ??????? ????????? ????????????????
??????????????? ?????????? ??? ??????? ????????????????? ??? ?????????? ????????????
but also in generativity. This might possibly explain why several other studies 
???????????????????????????????????????????????????????????????????????????
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even when more open-ended tasks were used, ASD relatives did not always 
????????????????????????????????????????????????????????? ?????????????????????
Gokcen, Bora, Erermis, Kesikci, & Aydin, 2009; Hughes, Plumet, & Leboyer, 
1999; Schmidt et al., 2008; Sumiyoshi, Kawakubo, Suga, Sumiyoshi, & Kasai, 
2011; Szatmari et al., 1993; Wong et al., 2006). This could be due to the use 
of a non-TD control group and/or too small sample sizes (for an overview, see 
?????????? ???????? ??????????????????? ????? ??????????????????????????? ????
small to medium, suggesting that large samples are indeed needed to reveal 
them. Similar to Wong et al. (2006), we found no impairments in interference 
control (one type of inhibition), working memory and planning, while some 
other studies did (see Table 1). All of these studies included relatives with an 
ASD proband with low IQ (< 70; Delorme et al., 2007; Gokcen, Bora, Erermis, 
Kesikci, & Aydin, 2009; Hughes, Leboyer, & Bouvard, 1997; Hughes, Plumet, 
& Leboyer, 1999; Piven & Palmer, 1997), or did not provide information about 
the IQ of the proband (Koczat, Rogers, Pennington, & Ross, 2002; Mosconi 
et al., 2010). Other authors already referred to the possible importance of 
????????????????????????????? ???????????????????????????? ?????????????????
Zimak, Joseph, & Morrow, 2014; Pilowsky, Yirmiya, Gross-Tsur, & Shalev, 
2007, but see Szatmari et al., 1993). Pilowsky et al. (2007), in particular, 
mentioned that the “proband’s level of functioning constitutes an important 
??????????????????????????????????????????????????????????????????? ???????????
???????????????????????????????????????????????????????????????????????????????
family” (p. 539).
On the EF questionnaires, ASD relatives showed EF impairments in daily 
??????????????????????????????????????????????????????????????????????????????
??? ???? ?????? ??????????????? ???? ?????????? ??????? ?????????? ???????????
impairments, whereas on the BRIEF reduced working memory and planning 
abilities were found (only for the full sample), with intact inhibition and shifting 
abilities (generativity is not separately measured in these questionnaires). 
It is generally known that questionnaires have a limited construct validity. 
????? ?????????????????????????????????????????????????????????????????????????
certain impairments occur, since multiple EF abilities jointly play a role in 
daily life situations, making it hard to distinguish them. Nevertheless, it was 
surprising that even two scales that are very similar contentwise produced 
????? ???????? ????????? ???????? ?????? ?????? ??????????? ????? ?????? ??? ????
?????????? ????????? ????????? ??????????????? ??????????????? ?????????????????
groups performed very similar on the shifting subscale of the BRIEF, with an 
??????????????????????????????????????? ????? ?????? ?????????????????????????
??????? ?????????? ????????????????????????????????????????????????????????
compared to 8 items), this could not explain the large discrepancy between 
both measures. Furthermore, questionnaires are the most open-ended and 
ecologically valid EF measures and were therefore expected to be the most 
?????????? ??? ??????? ?????? ???????????? ????? ???????? ??? ??? ???? ????? ???? ????
?????????? ????????? ????????? ??????????? ?????? ?????????? ????? ???? ?????????????
???? ??????? ????? ???? ???? ??? ???? ??? ?????? ?????????? ?? ????? ????? ???? ??????
size on the Uses of Objects task). However, on the DFlex only a marginal 
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?????????????????????????????????? ????????????????????????????????????????
did emerge for some EF tasks in this sample. Furthermore, the subscales 
??? ??????????????????? ???????? ????????????????????????????? ?????????????
????? ???????? ????????????????????????????? ?????? ???????? ?????????????????
on the questionnaires compared to the tasks may be due to the ‘informant 
??????????????????????? ???????????????????????????????????????????????????????????
from the comparison between ASD probands and their siblings. When ASD 
parents are asked to score the behaviour of both the ASD probands and 
his/her siblings, they tend to underestimate the sibling’s atypical behaviour, 
because the siblings are implicitly compared with the much more severely 
???????????????????????????????????????????????????????????????????????????
to underestimate their own atypicalities. By using the SRS, De la Marche 
et al. (2014) indicated that adult ASD relatives presented themselves as 
slightly more socially responsive than how they were perceived by others. 
It is possible that this is also the case when they have to report about their 
cognitive abilities. These reporting biases might have underestimated the 
??????????????????????????????????????????????????????????????????????????
our knowledge, there is only one other study in which EF questionnaires were 
?????????????????????????????????????????????????????????????????????????????
on the BRIEF (McLean et al., 2014). However, they only reported the results 
of the Behavior Regulation index (comprising the scales Inhibition, Shifting, 
and Emotional Control) and the Metacognition index (containing the scales 
Initiation, Working Memory, Planning/Organization, Organization of Materials, 
???? ?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
????? ???????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
???????????? ????????????????????????????????????????????????????????????????????
4.1.2. Local-global processing
Regarding the local-global processing measures, we found no group 
??????????? ??? ???? ??? ???? ??????????? ?????? ???? ?????? ??????????? ???? ???????
????????????????????????? ????? ??? ????????????????????????? ????????????????
of ASD relatives with measures aiming to distinguish local and global visual 
processing abilities as well as visual processing style (see Chapter 5). As 
a measure of local processing abilities we administered a Visual Search 
task. To measure global processing abilities, a Coherent Motion task and a 
Fragmented Object Outlines task were used. And the visual processing style 
was assessed with the ROCF task. de Jonge et al. (2007) also administered 
a Coherent Motion task to parents of individuals with ASD and TD parents, 
????????????????????????????????????????? ???????????????????????????????????
have used more general Central Coherence (CC) measures, limited to one or 
more of the following tasks: Block Design, Embedded Figures test, Sentence 
Completion task and visual illusions (for an overview see Table 1). In most 
studies the Block Design subtest of the Wechsler intelligence test was simply 
used to determine PIQ (Fombonne, Bolton, Prior, Jordan, & Rutter, 1997; 
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??????????? ???????????????????????????????????????????????????????????????????
and Poustka (2006) included it as a measure of CC, while all other studies 
aiming to measure CC, used an adjusted version, comparing performance 
on a ‘whole’ versus ‘segmented’ condition (de Jonge, Kemner, Naber, & van 
Engeland, 2009; Happé et al, 2001; Losh et al., 2009). Nevertheless, only 
Happé et al. (2001) found better performance of ASD fathers compared to 
??????????????????????????????????????????? ???????????????????????????????????
more mixed (see Table 1).
???????? ?? ????? ??? ?????? ??????????? ??? ???? ????????????? ???????????
??????????????????????????????????????????????????????????????????????????????
scale of the DFlex questionnaire (only for the full sample). By administering 
?? ????????? ??????????????? ????????? ??? ???? ??????? ????? ????????? ?????????
detail focussed processing and a preference for non-social activities for ASD 
parents (but not for siblings of individuals with ASD). Unfortunately, these 
questionnaires have a limited construct validity, making it unclear what they 
actually measure. Therefore, further research is needed to determine whether 
ASD relatives may indeed show altered local-global processing on more 
sensitive laboratory task, or whether they are truly similar to TD controls and 
??????????????????????????????????????????????????????????
4.2. Siblings versus parents and full versus multiplex sample
???????????????????????? ????????????????????????????????????????????
??? ??????????? ??? ????? ????????????? ???????? ?????? ??????????? ???????? ????
ASD siblings compared to ASD parents. For all measures, this was not the 
?????? ??????????? ???????????????????????????????????????????????? ????????
controls and display a similar degree of ASD-like cognitive characteristics. 
Strictly speaking, this is also what one would expect from a genetic point 
of view, since both groups on average share the same amount of DNA with 
the ASD proband. Previous studies have either reported similar results for 
????????????????????????????????? ????????????????????????????????????????
parents (see Table 1).
????? ?????????? ???? ?????? ??????????? ???????? ???? ????? ???? ????
multiplex sample, we basically found the same results. No additional group 
??????????? ????? ?????? ???? ???? ?????????? ???????? ??? ???? ?????????? ??????
???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ???????????????? ???? ???????????????????
were larger for the multiplex compared to the full sample and this was the 
case for all measures (except for the Planning scale of the BRIEF and the 
Attention to Detail scale of the DFlex). Since the full sample comprises both 
???????????????? ????? ?????????? ?????????????????? ??? ????????????? ??????????
genetic liability of ASD relatives in multiplex compared to simplex families (as 
outlined in the Introduction). Given the smaller sample size of the multiplex 
????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
???????????????????????? ?????????????????????????????????????
169EF and Local-global visual processing in ASD relatives
4.3. Concluding remarks and future directions
Overall, we found that ASD relatives displayed impairments on tasks 
?????????? ????????? ???????????? ?????????? ??????????? ???? ?????????????? ?????
?????????????????????????????????????????????????????????????????? ??????????
in daily life were reported. Regarding local-global visual processing, no group 
???????????????????????????????????????????????????????????????????????????
????????????? ????????? ??????????????????????? ?????????? ???????????? ??????????
for siblings and parents of probands with ASD. Furthermore, when comparing 
???? ?????????????????????????????? ????????????????????????????????????? ?????????
???????? ???? ??? ??????????? ?????? ??????????? ????????? ????????? ???? ??? ????
smaller sample size.
However, the results of the full and the multiplex sample might not be 
?????????????????????????? ???? ???????????????????????????????????????????
The full sample contains both children and adults, while the multiplex sample 
????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????? ??????? ???????????????? ???????????
???????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
???? ??????????? ?????? ??? ???? ????? ???????? ?????????????????????????? ????????
?????????????????????????????????????????????????????????????????????????????
compared to the multiplex sample. We did account for the age induced variance 
????????????????????????????????????? ???????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
would be better if both samples had a comparable mean age and age range.
?????????????????????????????????????????????????????????????????????
??????????? ??? ????????????? ???????? ????? ??? ????? ?????????? ??? ????????
for the suggestion by Johnson (2012) that EF could be a protective factor in 
ASD relatives enabling them to compensate for other atypicalities, since this 
implies better EF performance in ASD relatives than in TD controls. Additionally, 
??? ????????? ????? ???? ?????? ?????? ??? ???? ?????????? ?????????????? ??? ???? ????
?????????? ????????????????????????????????????????????????????????????????????
Chapters 4 and 5). This is what one would expect for an ASD endophenotype. 
Not all relatives will share ASD risk genes with the proband, so at a group level 
???????????????????????????????????????????????????????????????????????????????
necessarily imply that these cognitive characteristics of ASD relatives are good 
ASD endophenotypes. For example, it could be that these characteristics are 
not induced by an increased genetic liability in ASD relatives, but by detrimental 
environmental factors associated with having a child or sibling with ASD (e.g., 
more worries, stress, etc.). A good ASD endophenotype has to meet additional 
criteria (see Chapter 1: Introduction). These criteria will be evaluated in the next 
chapter (Chapter 7: General discussion).
????????????????????????????????????????????????????????????????????
small to medium. Furthermore, on most measures, ASD relatives performed 
comparably to TD individuals. In what follows, possible explanations for these 
??????????????????????????????????????????????? ????????????????????????
??????? ?? ????? ?????????? ????????????????????? ????????? ???????????????
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under study are not good ASD endophenotypes. However, it is also possible 
that several endophenotypic traits were not revealed in this study, because 
???????????????????????????????????????????????????????????????????????????
of ASD relatives due to a number of reasons. For example, several ASD 
relatives in our study may not carry ASD risk genes, and thus not express 
the corresponding cognitive features, because the ASD characteristics in 
the proband are due to de novo mutations. In that case, one would expect 
that these mutations are transmitted to the next generation, indicating the 
importance of pedigree research and the inclusion of descendants of the 
ASD probands. Another possibility for the lack of cognitive impairments in 
ASD relatives is that they do share certain ASD risk genes, but that protective 
genetic and/or environmental factors prohibit their expression at a cognitive 
and/or behavioural level. These and other factors contribute to the large 
heterogeneity in the population of ASD relatives. Given the already large 
heterogeneity between ASD probands (Geurts, Sinzig, Booth, & Happé, 2014) 
and the fact that not all relatives share ASD risk genes with the probands, the 
variability is expected to be even larger in the ASD relatives population. This 
??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
In other words, results could depend largely on the sample size and on the 
?????????????????????????????????????????????? ???????????????????????????????
and 18 years and parents between 30 en 60 years, all with a typical IQ (> 70), 
who had at least one ASD proband aged between 8 and 18 years old with 
an IQ above 70. In order to gain a really representative picture, future studies 
are needed comprising relatives of ASD probands spanning the whole age, 
????????????????????? ?????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
type of relative (sibling vs. parent) and family status (simplex vs. multiplex).
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Appendix A
Table A1 ???????????????????????? ????????????????????????????????????????????????????
adults on all main EF measures for the full sample
Measures per EF domain
Children Adults
Mean SD Mean SD
EF tasks:
?????????????
      Go/No-Go task: 
         % No-Go errors 19.44 13.58 8.64 7.29
      Flanker task: 
?????????????????????????? 47.67 27.56 47.42 23.25
???????????????????????? ??????? 2.93 3.75 1.47 1.99
???????????????????????
      WCST-WCTS: 
         Switch cost RT 457.83 279.76 516.02 339.29
???????????????????????????? 0.81 0.87 0.48 1.00
      Switch task:
         Switch cost RT 338.00 112.86 339.16 100.74
         Switch cost % errors 1.18 3.07 0.53 1.88
???????????????
???????????????????????????
         Correct responses 8.18 3.49 12.00 3.55
      Design Fluency test:
         Correct responses 8.41 2.77 10.80 3.19
?????????? ??????? ??????
????????????? ??????? ???????????
         Total errors 10.17 6.09 6.95 5.39
???????????????????????
         Correct trials 16.15 3.30 17.11 2.82
   Planning:
      Tower test:
????????? ????????????????? 16.68 2.84 18.48 3.30
??????????????????
   BRIEF: 
??????????????? 13.57 3.17 10.83 2.24
????????????? 10.64 2.64 8.68 2.36
      Working memory 15.31 4.22 11.45 2.74
      Planning 19.07 5.06 14.31 3.41
   DFlex
??????????????????????? 25.12 10.30 31.45 10.32
EF: Executive Functioning; RT: reaction time; WCST-WCTS: Wisconsin Card Sorting 
Test With Controlled Task switching; BRIEF: Behavior Rating Inventory of Executive 
Function; DFlex: Detail and Flexibility questionnaire
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Table A2. Descriptive statistics for all main EF measures comparing ASD relatives 
????????????????????????????????????????????????????????????????????????????
????????????????????????????
Children Adults
ASD siblings TD ASD parents TD
Measures per EF domain Mean (SD) Mean (SD) Mean (SD) Mean (SD)
EF tasks:
????????????
    Go/No-Go task: 
      % No-Go errors 22.34 (13.81) 16.96 (13.03) 9.17 (7.39) 7.90 (7.14)
    Flanker task: 
??????????????????????? 47.90 (28.80) 47.46 (26.79) 46.97 (23.21) 48.04 (23.49)
????????????????????? ??????? 3.33 (4.02) 2.58 (3.52) 1.54 (2.18) 1.38 (1.71)
??????????????????????
    WCST-WCTS: 
       Switch cost RT 448.46 (226.68) 465.33 (318.61) 544.19 (322.59) 477.42 (360.40)
?????????????????????????? 1.07 (1.16) 0.59 (0.43) 0.61 (1.26) 0.31 (0.37)
    Switch task:
       Switch cost RT 330.25 (116.70) 344.65 (110.43) 341.02 (109.51) 336.59 (88.11)
       Switch cost % errors 1.04 (2.70) 1.29 (3.38) 0.62 (1.89) 0.40 (1.89)
??????????????
?????????????????????????
       Correct responses 7.32 (2.96) 8.92 (3.78) 11.22 (3.53) 13.08 (3.33)
    Design Fluency test :
       Correct responses 8.61 (2.94) 8.24 (2.63) 10.71 (3.17) 10.91 (3.24)
????????? ??????? ??????
??????????? ??????? ??????
    test:
       Total errors 10.09 (5.47) 10.25 (6.63) 6.78 (4.83) 7.20 (6.12)
?????????????????????
       Correct trials 16.31 (3.82) 16.02 (2.82) 16.85 (2.87) 17.47 (2.74)
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  Planning:
    Tower test:
??????? ????????????????? 16.58 (2.75) 16.76 (2.95) 18.44 (3.39) 18.53 (3.19)
??????????????????
  BRIEF: 
????????????? 13.69 (3.43) 13.48 (2.99) 11.03 (2.42) 10.55 (1.96)
??????????? 10.63 (2.70) 10.65 (2.63) 8.82 (2.60) 8.50 (1.98)
    Working memory 16.06 (4.42) 14.70 (4.01) 11.82 (2.94) 10.95 (2.38)
    Planning 20.75 (5.65) 17.73 (4.13) 14.57 (3.85) 13.95 (2.69)
  DFlex
????????????????????? 27.81 (11.31) 23.00 (9.05) 33.64 (10.75) 28.35 (8.92)
ASD: Autism Spectrum Disorder; TD: Typically Developing; EF: Executive 
Functioning; RT: Reaction Time; WCST-WCTS: Wisconsin Card Sorting Test With 
Controlled Task Switching; BRIEF: Behavior Rating Inventory of Executive Function; 
DFlex: Detail and Flexibility questionnaire
Children Adults
ASD siblings TD ASD parents TD
Measures per EF domain Mean (SD) Mean (SD) Mean (SD) Mean (SD)
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Appendix B
Table B1. Descriptive statistics (mean and standard deviations) comparing children 
and adults on all local-global processing measures for the full sample
Children Adults
Local-global processing measures Mean SD Mean SD
Local-global processing tasks:
   Processing style: 
?????????????????????????????? 3.95 2.64 1.70 2.23
??????????????????????????????
??????????????? ??????????
?????????????????? ?????????????? 24.90 12.81 16.73 6.22
?????????????????????????????????????
?????????????????????????????????? 4.84 1.09 4.30 0.76
???????????????????????????????????? 4345.59 1096.61 3807.28 750.74
?????????????????????????????
      Visual Search task
???????????????????????????????? 1979.83 454.74 1656.06 261.32
         Similarity cost 308.26 298.81 418.63 229.75
?????????????????????????????????????
??????????????????????????? 23.24 9.37 26.31 9.80
ROCF: Rey-Osterrieth Complex Figure; DFlex: Detail and Flexibility questionnaire 
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Table B2. Descriptive statistics for all local-global processing measures comparing ASD relatives 
?????????????????????????????????????????????????????????????????????????????????????
for the full sample
Children Adults
Local-global processing measures ???????????? TD ???????????? TD
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Local-global processing tasks:
 Processing style: 
???????????????????????????? 3.86 (2.58) 4.02 (2.73) 1.73 (2.36) 1.66 (2.06)
????????????????????????????
???????????? ??????????
??????????????? ?????????????? 25.20 (14.26) 24.63 (11.60) 15.98 (6.31) 17.78 (5.98)
???????????????????????????????????
??????????????????????????????? 4.77 (1.00) 4.90 (1.18) 4.29 (0.82) 4.32 (0.68)
????????????????????????????????? 4278.76 (988.65) 4402.87 (1190.29) 3786.45 (804.91) 3836.00 (674.74)
???????????????????????????
    Visual Search task
????????????????????????????? 1966.24 (481.33) 1991.16 (436.93) 1678.03 (290.28) 1625.86 (214.14)
      Similarity cost 295.97 (272.94) 318.80 (322.26) 425.47 (224.16) 409.04 (239.04)
?????????????????????????????????????
????????????????????????? 27.12 (9.57) 20.18 (8.11) 28.41 (9.98) 23.33 (8.84)
ASD: Autism Spectrum Disorder; TD: Typically Developing; ROCF: Rey-Osterrieth Complex 
Figure; DFlex: Detail and Flexibility questionnaire
180 EF and Local-global visual processing in ASD relatives
A
p
p
en
d
ix
 C
Ta
bl
e 
C1
. ?
??
??
??
??
??
??
??
??
??
?
?
?
??
??
??
??
??
??
??
??
??
??
?
???
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
?
?
??
??
??
??
??
??
???
??
??
??
??
??
???
??
??
??
??
??
???
??
??
???
?
?
???
??
???
??
??
??
??
?
???
??
??
??
??
??
???
??
???
??
??
??
??
??
???
??
???
???
??
?
th
e 
gr
ou
p
 b
y 
ag
e 
in
te
ra
ct
io
n 
ar
e 
re
p
or
te
d
 fo
r 
th
e 
fu
ll 
an
d
 t
he
 m
ul
tip
le
x 
sa
m
p
le
 r
es
p
ec
tiv
el
y
M
ea
su
re
s 
pe
r 
EF
 ta
sk
??
???
???
??
??
TD
??
???
???
???
??
?
??
???
???
???
?
??
??
???
???
???
??
??
M
ea
n
SD
M
ea
n
SD
???
???
???
???
?
p??
???
?
F??
???
??
p??
???
?
F??
???
?
p??
???
?
Fu
ll 
sa
m
pl
e
?????
???
???
??
   
   
Fl
an
ke
r 
ta
sk
: 
?????
?????
??
???
??
???
???
???
47
.2
6
24
.9
4
47
.8
0
24
.7
7
F 
= 
0.
08
.7
7
0.
38
.5
4
0.
10
.9
2
?????
?????
??
???
??
???
???
???
???
???
2.
10
2.
98
1.
88
2.
68
U
 =
 1
06
51
.6
5
a
a
a
a
????
??
???
??
???
?
   
   
D
es
ig
n 
Fl
ue
nc
y 
te
st
 :
   
   
   
Co
rr
ec
t r
es
po
ns
es
10
.0
6
3.
24
9.
78
3.
27
F 
= 
0.
04
.8
4
29
.9
7
< 
.0
01
0.
43
.5
1
????
??
??
???
???
???
??
??
???
?
?????
???
??
????
??
???
???
?
   
   
   
Co
rr
ec
t t
ri
al
s
16
.6
8
3.
19
16
.8
6
2.
85
F 
= 
0.
15
.7
0
5.
37
.0
2
1.
1
.3
0
   
Pl
an
ni
ng
:
   
   
To
w
er
 te
st
:
?????
?????
??
???
???
???
???
??
?
17
.8
6
3.
31
17
.7
9
3.
20
F 
= 
0.
09
.7
6
16
.2
6
< 
.0
01
0.
10
.9
3
181EF and Local-global visual processing in ASD relatives
??
???
???
???
??
??
?????
???
???
??
   
   
Fl
an
ke
r 
ta
sk
: 
?????
?????
??
???
??
???
???
???
52
.0
8
28
.7
3
47
.4
3
23
.7
6
F 
= 
.2
3
.6
3
?????
?????
??
???
??
???
???
???
???
???
1.
40
1.
90
1.
38
1.
71
F 
= 
0.
00
.9
6
????
??
???
??
???
?
   
   
D
es
ig
n 
Fl
ue
nc
y 
te
st
 :
   
   
   
Co
rr
ec
t r
es
po
ns
es
10
.3
0
3.
28
10
.9
1
3.
24
F 
= 
0.
80
.3
7
????
??
??
???
???
???
??
??
???
?
?????
???
??
????
??
???
???
?
   
   
   
Co
rr
ec
t t
ri
al
s
16
.5
4
2.
75
17
.4
7
2.
74
F 
= 
2.
57
.1
1
   
Pl
an
ni
ng
:
   
   
To
w
er
 te
st
:
?????
?????
??
???
???
???
???
??
?
18
.5
1
3.
81
18
.5
3
3.
19
F 
= 
0.
00
.9
8
a ??
??
???
??
???
???
??
???
???
??
???
???
??
??
??
???
???
???
??
??
???
??
????
???
???
???
???
??
????
???
???
???
??
???
???
??
???
???
??
???
???
???
???
???
???
??
??
??
???
?
AS
D:
 A
ut
ism
 S
pe
ct
ru
m
 D
iso
rd
er
; T
D:
 Ty
pi
ca
lly
 D
ev
elo
pi
ng
; E
F:
 E
xe
cu
tiv
e 
Fu
nc
tio
nin
g;
 R
T: 
Re
ac
tio
n 
Ti
m
e
M
ea
su
re
s 
pe
r 
EF
 ta
sk
??
???
???
??
??
TD
??
???
???
???
??
?
??
???
???
???
?
??
??
???
???
???
??
??
M
ea
n
SD
M
ea
n
SD
???
???
???
???
?
p??
???
?
F??
???
??
p??
???
?
F??
???
?
p??
???
?
182 EF and Local-global visual processing in ASD relatives
Table C2. ??????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????? ?????????????????????????????????
multiplex sample respectively
???????????? TD
????????????????????????? ??????? Mean SD Mean SD
Test-
???????? p
Full sample
???????? ??????? ??????????
    Search strategy 31.37 5.71 32.04 6.44 F = 0.65 .42
 Tower test
    Time per step (sec) 3.28 1.42 3.52 1.78 F = 1.13 .29
    First step latency (sec) 5.08 2.52 4.88 2.39 F = 0.24 .62
 RT/Processing speed measures (ms)
?????? ??????????????????????
       Response latency 292.02 44.53 288.20 48.72 F = 0.47 .49
??????????????????????????????? 441.10 67.13 451.89 58.35 F = 2.16 .14
???????????????
???????? ??????? ??????????
    Search strategy 30.28 5.63 30.93 6.61 F = 0.24 .62
 Tower test
    Time per step (sec) 3.25 1.23 3.50 1.56 F = 0.65 .42
    First step latency (sec) 5.91 2.77 5.69 2.51 F = 0.06 .80
 RT/Processing speed measures (ms)
?????? ??????????????????????
       Response latency 287.10 41.84 296.82 52.85 F = 0.73 .39
??????????????????????????????? 450.33 61.93 434.67 53.71 F = 1.90 .17
ASD: Autism Spectrum Disorder; TD: Typically Developing; EF: Executive 
Functioning; RT: Reaction Time
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????????????????????????????????????????????????????????????????????????
???????? ???? ????? ????? ?????????? ????? ?? ???????? ?????????????? ???????????
Afterwards, we will critically evaluate all endophenotype criteria for EF and 
local-global visual processing characteristics. This will be followed by a 
discussion of some remaining issues concerning the phenotypic and cognitive 
heterogeneity in ASD. Throughout, we will address several limitations of our 
study and provide directions for further research. In line with these directions, 
we will also indicate which additional data we have collected during my 
????????????????????????????????????????????????????????????????????????????
perform in the future. Finally, we will describe some implications for clinical 
practice.
1. Objectives
The general aim of this dissertation was to assess which aspects 
of EF and local-global visual processing provide good endophenotype 
??????????? ??? ?????????? ???????????????? ??????????? ?????? ??????????? ?????
???????????????????????????????????????????????????????????????????????????
the endophenotype criteria, see Chapter 1: General introduction p. 4). In what 
?????????????????????????????????????????????????????????????????????????????
1.1. Objective 1
?????????????????????????????? ????????????????????????????????????? ?????
????????? ????? ??? ?????????????????????? ?????? ??? ??? ?????? ???? ??????????
Given the problematic construct validity of EF and local-global processing 
??????????????????????????????????????????????????????????????????????? ???
at increasing the validity of these measures. We therefore developed a new 
task and adjusted some existing measures that were then administered to 
TD children and children with ASD to test whether they were suitable for 
inclusion in the battery. The results for two of these tasks are reported in the 
second and third chapter. In Chapter 2, we tested the WCST-WCTS task as 
?? ?????????????????????????????????? ??????????????????????????????????????
reduced performance in children with ASD compared to matched TD controls. 
In Chapter 3, we used an adjusted scene perception task to investigate 
????????????????????????????????????????????????????????????????????????
were found between ASD and TD children, indicating that this task was not 
sensitive enough to detect altered global processing in children with ASD. 
Furthermore, this scene perception task required eye-tracking, posing serious 
?? ????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????? ????????????????????
processing and was presented in Chapters 4 and 5, respectively. With this 
battery each of the cognitive domains was measured and the contribution 
of possible confounding variables could (at least partly) be controlled for. 
Moreover, we included daily life measures that are more ecologically valid 
than laboratory tasks. For a more detailed description of the battery and the 
attempts to increase the validity, see Chapters 2, 4 and 5.
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1.2. Objective 2
????????????????????? ????????????????????????????????????????????????
for all EF and local-global visual processing measures in our cognitive 
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????? ???????????????????????????????????????
EF and local-global processing between individuals with ASD and typically 
developing individuals and examined the relationship between these cognitive 
characteristics and behavioural ASD traits. 
????????? ??? ?????? ?????? ??????????? ???????? ????????????????? ???? ????
TD controls for both types of measures. Regarding EF, ASD probands showed 
? ????????????????? ?? ?????????????????????????????????????????? ????????????? ???????
????????????????????????????????????????????????????????????????????? ???
even restricted to) open-ended compared to highly structured settings (see 
????????? ?? ???? ???? ????????????? ?????? ??????????? ????? ????? ???????? ????
?????????? ??????????? ???? ??????????? ????????????? ?????????? ???? ????????????
reduced response inhibition but intact distractor interference was observed in 
individuals with ASD. Concerning local-global processing, individuals with ASD 
displayed more attention to detail in daily life. Moreover, they showed a more 
locally oriented processing style and selective global processing impairments 
on tasks with high integrative demands (see Chapter 5). Additionally, local 
processing abilities were intact (but not enhanced) in ASD probands.
Secondly, some measures were correlated with ASD symptoms. For all 
EF domains, at least one measure correlated with both social and non-social 
ASD symptoms, with the most pronounced correlations for open-ended 
?????????????????????????????????????????????????????????????????????????????
local-global processing, more attention to detail in daily life and a reduced 
ability to globally integrate information embedded in noise were associated 
????? ????????????????????????????????????????????????????????????????????
????????????????????? ???????? ?????????????? ??????????????????????????????
in symptom severity, despite a more locally oriented processing style in 
individuals with ASD (see Chapter 5).
??? ?????????? ??? ????????? ???? ???? ????? ?????????????? ??????????????
found for distractor interference (one type of inhibition) and local processing 
abilities. However, for all other EF and local-global processing domains, this 
criterion was (at least partially) validated.
1.3. Objective 3
Our third objective was to investigate the second endophenotype 
criterion, which deals with the expression of endophenotype characteristics in 
family members. Since ASD relatives partially share the same genes with the 
ASD proband, a number of these relatives is also expected to partially share 
the same endophenotype traits, even if they do not meet criteria for a formal 
ASD diagnosis. We therefore examined which of the cognitive measures that 
????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
compared to the general population (see Chapter 6).
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Regarding EF, we found that ASD relatives also displayed impairments 
??? ??????????? ???????????????? ????????? ???????????? ?????????? ??????????? ????
generativity, and they also showed EF impairments in daily life. For local-
global visual processing, ASD relatives did show more attention to detail in 
?????????????????????????????????????????????????????????????????????????????
local-global processing tasks.
1.4. Concluding remarks
In this dissertation, we investigated which measures of EF and local-
global processing provide good endophenotype candidates by aiming to 
increase the validity of the measures (according to endophenotype criterion 
??????????????????????????????????????????????????????????????????? ???????????
indicated that criteria 1 and 2 were met for impairments in response inhibition, 
?????????? ??????????? ???? ?????????????? ??????????? ????? ????? ???? ?????????
endophenotypes for ASD. However, to be able to conclude which cognitive 
characteristics are genuine ASD endophenotypes, all other endophenotype 
criteria have to be evaluated too (for an overview of the endophenotype 
criteria, see Chapter 1: General introduction p. 4). In what follows, we will 
therefore critically value each of the endophenotype criteria. Additionally, 
we will point-out limitations of our study and provide directions for further 
research.
2. Intermediate phenotypes: Critical evaluation of all 
endophenotype criteria
Good ASD endophenotypes should mediate the relationship 
between the genotype and phenotype of ASD in such a way that a gene, 
or a combination of genes, determines an endophenotype and that an 
endophenotype, or a combination of endophenotypes, leads to behavioural 
phenotypic ASD traits (Szatmari et al., 2007; Walters & Owen, 2007). Such 
endophenotypes are also referred to as intermediate phenotypes (Szatmari et 
???????????? ???????????????????????????????? ????????????????????????????????
of intermediate cognitive phenotypes. Cognitive characteristics that are true 
intermediate phenotypes should therefore follow Model 1. However, there 
are other possible relationships between genes, cognitive characteristics 
and phenotypic ASD traits (Rommelse, Geurts, Franke, Buitelaar, & Hartman, 
?????? ???????? ?? ?????? ??????? ?? ?? ??????? ?????????? ????????? ??? ??????
models is also provided in Figure 1 (Models 2 – 5). Cognitive characteristics 
that follow these models are not intermediate phenotypes and thus, according 
??? ???? ??????????? ???? ???????? ??????????????? ??? ????? ??? ??????????? ????
endophenotype criteria we can determine which of these models apply 
???? ??????????????????????????????????? ???????????????????????????? ?????
intermediate phenotypes of ASD.
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Figure 1. ??????????????????????????????????????? ?????????????????????????????????
of possible relationships between genes, cognitive characteristics and ASD 
?????????????????????????????????????? ????????????? ????????????????????????
other models describe alternative, non-intermediate relations. These models 
were previously described by and adopted from Walters and Owen (2007). 
G: genes; C: Cognitive characteristic; P: ASD phenotype; E: Environmental 
factors.
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2.1.  Criterion 1: Co-occurrence and association with ASD
??????????????????????????????????????????????????????????????????????
be associated with ASD. As previously indicated (see Section 1.2. Objective 
???? ???????????????????????????? ???????????? ??????????????????????? ???? ??????
?????????????????? ??????????????????????????????????????????????????????????
distractor interference (one type of inhibition) and local processing abilities. 
However, for all other EF and local-global processing domains, criterion 1 
was (at least partially) validated, indicating that these cognitive characteristics 
constitute potential markers for ASD. Since these cognitive characteristics 
are associated with behavioural ASD traits, this indicates that they are not 
entirely independent and that at least some common factors underlie these 
cognitive features and the ASD phenotype. Thus, for characteristics that 
meet criterion 1, Model 2 in Figure 1 can be eliminated.
2.2. Criterion 2: Familial expression
The second criterion states that an endophenotype should be 
??????????????????????????????????????????????????????????????????????????????
general population. Since ASD relatives partially share the same genes with 
the ASD proband, they should also partially share the same endophenotypes. 
Our EF and local-global processing tasks showed that this was the case 
???? ? ?????????? ??? ????????? ???????????????????????????????????????????????????
Our daily life measures also suggested impairments in EF and enhanced 
????????????????????????????????????????????????????????????????????????????
more information, see Section 1.3. Objective 3).
According to some authors, the presence of ASD-like cognitive 
???????????????? ??? ?????????? ??????? ???????? ?????????? ????? ??????
characteristics are not merely a consequence of the disorder and thus 
provides evidence against Model 3 in Figure 1 (Rommelse et al., 2011; Walters 
& Owen, 2007). However, we argue that this argument is not necessarily valid 
and we will further discuss Model 3 when evaluating the fourth criterion (see 
??????????????????????????????????????????????????????????????????????????
evidence that certain cognitive characteristics are actually shared within 
families. A more direct way to investigate familial aggregation is by calculating 
intraclass correlations between family members. These correlations indicate 
the relatedness of characteristics within families. We still need to investigate 
these correlations for our dataset, but Oerlemans and colleagues (2013) 
already reported compelling evidence for the interrelatedness within families 
?????????????????? ?????????????????????????????????????? ?????????????????????
familial correlation for EF and CC measures (Losh et al., 2009; Nyden et al., 
2011).
???????????????????????????????????????????????????????? ????????????????
relatives of ASD probands may also be due to shared environmental factors, 
while true endophenotypes have to be genetically determined. Therefore, 
endophenotypes also have to meet the third criterion.
192 General Discussion
2.3. Criterion 3: Heritability
???????????????????????????????????????????????????????????????????
in the heritability estimates of the studied traits. The degree to which 
??????????? ?????????? ??? ?? ??????????????????????? ??????? ??????????? ??????????
can be expressed in a heritability estimate. Such heritability estimates can 
??????????????????????????????????????????????????????????????????????????
characteristic in monozygotic and dizygotic twin pairs. Rommelse et al. 
(2011) suggest that useful endophenotypes should be at least moderately 
heritable, with heritability estimates above 30%. Most studies investigating 
the heritability of EF reported heritability estimates of approximately 50%, 
while Friedman et al. (2008) showed that EF is almost entirely genetic in origin 
(for overviews, see Doyle et al., 2005, and Rommelse et al., 2011). However, 
further research is needed to determine heritability estimates for each of the 
???????? ??? ????????? ??????????? ????????????? ???? ????? ???? ????????????? ????
planning are still lacking. Moreover, so far only one study addressed the 
heritability of local-global processing and indicated a genetic basis, but did 
not provide any heritability estimates (Kanakam, Raoult, Collier, & Treasure, 
2013).
Evidence of heritability refutes Model 4 in Figure 1.
2.4. Criterion 4: Explanation for ASD symptom(s)
According to our fourth criterion, an endophenotype provides a 
theoretically meaningful explanation for a symptom of the condition. For EF 
and local-global processing, this theoretical explanation is delivered by the EF 
and the WCC accounts, respectively (for a brief discussion of these theories, 
see Chapter 1, Section 5.1). In line with these accounts (at least partially), 
we found that ASD symptom domains were correlated with most EF and 
some local-global processing measures (as already indicated in Section 1.2.). 
Although these correlations suggest a link between cognitive characteristics 
and behavioural ASD symptoms, they do not necessarily imply a causal 
relationship. 
Genuine intermediate phenotypes should mediate the relationship 
between genes and phenotype characteristics of the disorder, as presented 
in Model 1 (see Figure 1, Bearden & Freimer, 2006; Szatmari et al., 2007; 
Walters & Owen, 2007). Regarding the link with the genotype, this implies that 
partly the same genes underlie both endophenotypic and phenotypic traits of 
the disorder. This can be investigated by calculating the bivariate heritability of 
both, indicating the degree of genetic overlap (Doyle et al., 2005). Regarding 
the link with the phenotype, it means that an endophenotype causes 
phenotypic traits of the disorder. However, for cognitive characteristics other 
associations with the ASD phenotype are possible: 1) they may not be a 
cause, but a consequence of the ASD symptoms (see Model 3 in Figure 1); 
and 2) they may share a common underlying cause with the ASD phenotype, 
without a direct link between them, which results in a spurious correlation 
between both (see Model 5 in Figure 1). In the second case, the cognitive trait 
is termed an epiphenomenon (Walters & Owen, 2007).
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???????? ??? ??????????? ???????????????????????????? ???? ? ???????? ?????
a causal relationship between endophenotype and phenotype characteristics. 
Evidence against the possibility that a cognitive characteristic is a consequence 
of the disorder is sometimes indirectly inferred when ASD relatives also show 
????? ???????????????? ????????? ????????? ?????? ?????????? ???? ?????????? ???
not have the disorder, they may show some phenotypic ASD traits (as part 
of the broader autism phenotype). Thus, without further investigation, it is 
still possible that such a cognitive characteristic is merely a consequence 
of having these phenotypic traits. To prove causality, longitudinal studies 
and intervention studies are required. Longitudinal studies could provide 
evidence that an endophenotype precedes the disorder by demonstrating 
the presence of the endophenotype before onset of the disorder. However, 
????? ??? ????? ?? ????? ???? ?????????? ???????????????? ??? ????? ??????? ???? ??? ????
early onset of ASD and the problems associated with measuring cognitive 
abilities at that age (e.g., Espy, Bull, Kaiser, Martin, & Banet, 2008). Recently, 
two intervention studies have indicated that improvements in EF skills (or 
EF strategies) reduce ASD symptoms (de Vries et al., 2014; Kenworthy et 
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????? ?????????????
condition also made some improvements). Furthermore, also in the study of 
Kenworthy and colleagues (2014) it could be that the association between 
improvements in EF and ASD symptoms is actually mediated by other factors.
Moreover, in some individuals ASD is caused by a monogenic mutation, 
while the majority have a polygenic form of ASD (Persico & Napolioni, 2013, 
see also Section 1.3. in Chapter 1). Within a polygenic model of ASD no one-
to-one relationship between an endophenotype and a phenotype characteristic 
is postulated. The hypothesis is that a combination of endophenotypes leads 
????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
????? ???????? ???? ? ???????? ?????? ??????? ???????????? ??????????????????????
between both in a given sample and therefore seriously complicates the 
?????????????????????????????????
Finally, although genuine intermediate phenotypes should be part of the 
causal pathway from genes to behaviour, this is not strictly necessary to be 
????????????????????????????????????????? ???????????????????????????????????
“???????????????????????????????????????????????????????????????????????? ???????
?????????????????????????????????????? ????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
(p. 889).
2.5. Criterion 5: Validity and reliability
Finally, endophenotype measures need to be valid and reliable. 
???????????? ??????? ??? ????????? ???? ????????? ??? ?????????????? ??????????? ????
EF (see Section 1.1. Objective 1), further research is needed to elucidate 
the underlying constructs of each measure. One way to do so, is to perform 
a factor analysis on the EF tasks. The resulting factor scores could then 
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also be used as purer measures of EF (Miyake & Friedman, 2012). However, 
a reliable factor analysis on the various EF measures might require larger 
samples with a narrower age range. Regarding the local-global measures, 
Milne and Szczerbinski (2009) also suggested that studies should include 
several measures per domain, supplemented with control tasks, allowing to 
empirically verify the validity of the measures.
????????? ??? ????? ????? ???? ???? ? ?????????? ????????????? ????????????????
?? ?????? ??? ??????? ???????? ???????? ??????????? ??? ???? ??????????? ???????????
(Jurado & Rosselli, 2007). Both EF and local-global processing are very poorly 
??????????????????? ???? ??????????????????????????????????????????????????
in the literature (Jurado & Rosselli, 2007; Milne & Szczerbinski, 2009). This 
?????? ???? ??????????????? ??? ????????? ???????? ?????????? ??? ???????? ????????
which requirements good measures of the constructs should meet.
Even less research has focused on the reliability of the measures. For 
EF measures, test-retest reliability might also be problematic. Jurado and 
Rosselli (2007) mention that several authors argue that EF measures can never 
reach test-retest reliability because they assess the ability to deal with new 
?????????????????????????????????????????????????????????????????????????????
the test. However, other forms of reliability, such as split-test and inter-rater 
reliability, can be determined (if applicable).
Overall, it is clear that much research remains to be done to underscore 
the reliability and validity of our measures. But this is not an easy job, given 
?????????????????????????????????????????????????????????
2.6. Concluding remarks
Good ASD endophenotypes should mediate the relationship between 
ASD genes and phenotypic ASD traits, as represented by Model 1 in Figure 
1. However, there are other possible relationships between genes, cognitive 
characteristics and phenotypic ASD traits (see Models 2 – 5 in Figure 1). 
By evaluating the endophenotype criteria, our data and previous research 
have provided evidence against some of these alternative, non-intermediate 
?????????????????????????????????????????????? ???????????????????????????????
? ?????????????????????????????????????????????????????????????????????????????
associated with behavioural ASD traits and were expressed at a higher rate by 
???????????????????????????????????????????????????????????????????????????
ASD traits indicates that these EF characteristics are not entirely independent 
from the ASD phenotype and that at least some common factors underlie 
both, thus refuting Model 2 in Figure 1. On the other hand, the presence 
???????????????? ????????????????????????????????????????????????????????
evidence that these characteristics are not merely a consequence of the 
disorder and thus provides evidence against Model 3 (see Figure 1). Further 
???????????????????????????????????????????????? ???????? ??????????????????
phenotype, are provided by two intervention studies demonstrating that 
improvements in EF skills (or EF strategies) reduce behavioural ASD traits 
(de Vries et al., 2014; Kenworthy et al., 2014). Altough the results of these 
intervention studies should be interpreted with caution. Additionally, several 
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twin studies have indicated that EF have a genetic basis (for overviews, see 
Doyle et al., 2005, and Rommelse et al., 2011). This implies that EF is not 
entirely determined by environmental factors and thus that Model 4 does 
not apply for EF characteristics. However, there is currently not enough 
evidence against Model 5. According to this model, cognitive characteristics 
may share a common underlying cause with the ASD phenotype, without a 
direct link between them, resulting in a spurious correlation between both. 
True intermediate phenotypes should (at least partly) cause phenotypic ASD 
????????????????????????????????????????????????????????????????????? ????????
????????????????????????????????????????????????????????????????????????????????
Concerning local-global visual processing, there is currently much less 
evidence to refute the non-intermediate models. In our study, only increased 
attention to detail in daily life was associated with behavioural ASD traits 
??????????????????????????????????????????????????????????????????????????
providing some evidence against the second and fourth model. However, it 
????????????????????????????????????????????????????????????????????????????????
reliability and validity of our measures, much additional research is necessary 
??????????????????????????????????????????????????????????????????????
????????????? ????????? ??? ????????? ??? ?????????????? ???????? ????????????
samples. In our study, the ASD probands, their siblings and the TD children 
were between 8 and 18 years old with an IQ above 70, and the ASD parents 
and TD adults were between 30 and 60 years and also had a typical IQ (> 70). 
????????????????????????????????????????????????????????????????????????????
individuals outside this age and IQ range.
Overall, endophenotypes can be used for two purposes (Walters & 
Owen, 2007). First, the initial purpose of endophenotypes was to aid in the 
discovery of ASD genes. However, this appears to be much more complex than 
initially thought and might require enormously large samples. To gather these 
samples, collaborations are necessary between multiple interdisciplinary 
consortia, all using the same protocol for screening, diagnosis and testing. 
Second, owing to great advances in genomic technologies it has become 
??????????????? ?????????????? ??????? ???????????????????????????????? ????????
approach to endophenotypes (State & Levitt, 2011; Walters & Owen, 2007). 
????????????????????????????????????????????????????????????????????????????
alteration in a candidate gene or locus of ASD are studied (e.g., Napolioni 
et al., 2011). By investigating the functional consequences of these risk 
alleles, new endophenotypes can be discovered and these endophenotypes 
are then used to further unravel the pathway from genes to phenotype of 
the disorder. As such, endophenotypes hold much promise for establishing 
underlying mechanisms of the disorder (Jeste & Geschwind, 2014; Walters & 
Owen, 2007). Thus, endophenotypes can be used 1) to detect new genes, 
and 2) to establish mechanisms of the disorder starting from known gene 
alterations. State and Levitt (2011) indicate that it is crucial that both of these 
strategies are used complementary to illuminate the pathophysiology of ASD.
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3. Remaining issues regarding heterogeneity
3.1. Phenotypic heterogeneity: Diagnostic uncertainty and comorbidities
As already outlined in the introduction, there is a considerable degree 
of variation in phenotypic traits between individuals with ASD. Furthermore, 
ASD traits appear to be continuously distributed and extend beyond ASD 
in the general population (Happé, Ronald, & Plomin, 2006). As Happé and 
colleagues (2006) stated “there is no evidence of a bimodal distribution 
?????????????????????????????????????????????????? ???????????????????????????????
to be “a smooth continuum between individuals meeting diagnostic criteria 
for ASD and individuals in the general population” (p. 1218). This induces 
a certain degree of diagnostic uncertainty when diagnosing individuals as 
having ASD or not, because such a categorical distinction does not map 
with the dimensionality of the traits. Of course, there are diagnostic manuals 
???? ?????? ????? ???????? ???????? ???? ??????? ????? ????????????? ????????? ??? ??
???????????????????????????????????????????????????????????????????????????
instruments. As such, the diagnosis also depends on the guidelines and tools 
that are used. For example, all our participants were diagnosed based on 
DSM-IV-TR criteria. However, during this dissertation the transition has been 
made from the DSM-IV-TR (American Psychiatric Association [APA], 2000) to 
the DSM-5 (APA, 2013). This has led to some more stringent criteria, and as 
such perhaps not all our participants might have been given an ASD diagnosis 
based on the DSM-5 (Mayes et al., 2014; Young & Rodi, 2014). Furthermore, 
none of the quantitative tools have a perfect sensitivity to detect ASD.
For most of our research, we corroborated the diagnosis of our ASD 
participants with the Developmental, Dimensional and Diagnostic Interview1 
(3di; Skuse et al., 2004) and excluded TD individuals with high scores (above 
two standard deviations from the mean) on the Social Responsiveness Scale 
(SRS; Constantino & Gruber, 2005; Roeyers, Thys, Druart, De Schryver, & 
Schittekatte, 2011). However, such additional tools to support the diagnosis 
were not applied to select the participants in Chapter 3 and part of the sample 
described in Chapter 2. Furthermore, we did not include ASD relatives with 
a known clinical ASD diagnosis. For the siblings, this absence of a diagnosis 
was also corroborated with the 3di. However, no such validation was used 
for the parents (although we did administer the SRS). Therefore, we cannot 
rule out that some of the parents of individuals with ASD also had ASD 
themselves, especially since it is well known that ASD relatives show a higher 
expression of behavioural ASD characteristics compared to the general 
population (Piven, 1999; Piven et al., 1997).
Another factor contributing to the phenotypic heterogeneity in ASD is 
that more than 70% of individuals with ASD have a co-occurring medical, 
developmental or psychiatric condition (Lai, Lombardo, & Baron-Cohen, 2014). 
Since some of these conditions are also associated with EF impairments and/
or alterations in local-global processing (Hill, 2004; Rommelse et al., 2011; 
1 The 3di was administered as part of the doctoral research project of Wouter De la Marche 
within the context of the larger family study of the Leuven Autism Research (LAuRes) consortium. 
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Willcutt, Sonuga-Barke, Nigg, & Sergeant, 2008), this poses challenges 
when investigating these neurocognitive characteristics in ASD. More 
???????????????????????????????????????????????????????????????????????????????????
neurocognitive domains after excluding individuals with comorbidities? (2) Do 
????????????????????????????????????????????????????????????? ????????? ???????
comorbidities) and those having a disorder that often co-occurs with ASD?
Previous research has mainly examined these questions regarding the 
?????????????? ??? ???? ???? ??????????????????????????????? ????????? ????????
Approximately 28-44% of the individuals with ASD have ADHD as well (Lai et 
al., 2014). Both disorders have been associated with EF impairments and, to a 
lesser extent, with alterations in local-global processing. Concerning EF, there is 
evidence that both disorders still show impairments after excluding individuals 
with the co-occurring condition and that both disorders are characterized by 
? ????????????????????????????????????????????????????????????????????????????
(for reviews, see Rommelse et al., 2011; Willcutt et al., 2008). Regarding local-
global processing, only a few studies have compared individuals with ASD 
and those with ADHD. Two studies demonstrated that only ASD probands 
have a more locally oriented processing style, while one study found an altered 
processing style in both disorders (Rommelse et al., 2011). These studies 
indicate the importance of at least measuring ADHD characteristics when 
studying EF and/or local-global processing characteristics in ASD, allowing a 
more nuanced analysis of the data. For our sample, ADHD traits were measured 
with the 3di. However, it is not entirely clear how these ADHD traits should be 
controlled for.
One possibility to deal with co-occurring conditions is to exclude 
individuals with a co-occurring disorder that is associated with the 
neurocognitive characteristics under study. However, also for these 
co-occurring disorders there is diagnostic uncertainty and the diagnosis could 
depend on the diagnostic manual that is applied. For example, according to 
the DSM-IV-TR (APA, 2000) ASD and ADHD could not be diagnosed together, 
and cases with both conditions thus  received only one of both diagnoses, 
but were not formally recognized as having both conditions. This resulted in 
a formal neglect and serious underestimation of the cases with co-occurring 
conditions. However, a co-occurring diagnosis of ASD and ADHD is possible 
following the DSM-5 (APA, 2013). Moreover, many co-occurring conditions are 
associated with EF (Hill, 2004; Willcutt et al., 2008) and it might be impossible 
to screen for all of them and to exclude all these patients from the sample. 
Some even say that pure ASD does not exist, or that individuals with pure 
ASD may rarely get a diagnosis (especially at a young age) (Gillberg & Fernell, 
2014). Therefore, selecting a group of individuals that have only ASD may not 
only be impossible, but also undesirable, since this group would be highly 
unrepresentative for the ASD population. For all these reasons, it seems better 
not to exclude individuals with certain comorbidities (see also Willcutt et al., 
2008), but to adopt a more dimensional approach. This implies investigating 
???????????????? ???????????????????? ?????? ??????????????? ??????????????
???????????????????????????????????????????????????????????????????????????????
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groups), for example, by calculating correlations or applying regression 
analysis. Behavioural characteristics of possible confounding co-occurring 
conditions can also be measured quantitatively and can then be statistically 
controlled for (e.g., by including them as a covariate in the analysis) (Willcutt 
et al., 2008).
3.2. Cognitive heterogeneity
Besides the large phenotypic heterogeneity, individuals with ASD 
are also characterized by a considerable amount of (neuro)cognitive 
heterogeneity. This hetereogeneity could be charted by applying a multiple 
case series analysis, which allows to calculate the percentage of individuals 
with ASD that perform atypically (relative to a TD group) on cognitive 
measures (Hill & Bird, 2006; Towgood, Meuwese, Gilbert, Turner, & Burgess, 
2009). By performing such an analysis, previous studies have shown that not 
all individuals with ASD display an atypicality in EF or local-global processing 
???????????????????????????????????????????????????????????????????????????????
type of cognitive domains that show deviations (Brunsdon et al., in press; 
Geurts, Sinzig, Booth, & Happé, 2014; Gonzalez-Gadia et al., 2013; Hill & 
Bird, 2006). Given this large heterogeneity, results could depend largely on 
??????????????????????????????????????????????????????????? ?????????????????
????????????????????????????????????????????????????????????????????????
small) ASD subsample.
This neurocognitive heterogeneity indicates that atypical performance 
??????????????????? ??????????????????????????????? ????????????????? ????????
This is also in line with a multifactorial endophenotype model of ASD. More 
????????????? ???? ??????????? ??? ????? ?? ???????????? ??? ?????? ??????????? ???
endophenotype and that a combination of endophenotypes leads to the 
???????????????????????????? ????????????????????????????? ??????????????
combinations of endophenotypes could lead to the same disorder. Therefore, 
???? ?????????? ?????????????? ??? ???????? ??? ???????????? ??????? ???? ???????????
biological (including genetic) heterogeneity (see Chapter 1: General 
introduction) and to (partially) explain the phenotypic heterogeneity. As such, 
???????????? ????????? ???????????? ?????????? ?????? ??? ???????????????
performance could be highly informative to unravel the biological pathways of 
the disorder, by investigating the behavioural (phenotypic) and biological (e.g., 
brain function/structure) correlates for each subgroup that is characterized 
??????????????????????????????
????????? ????? ??? ???????????? ????????? ??? ???????? ???? ??????????????
??? ??????????????????? ????????????? ??? ?? ???????? ???????? ???????? ??????????
??????? ?????? ???????? ????????? ?????????????? ???????? ?? ??????? ??????? ??
great advantage of this technique is its robustness to smaller sample sizes 
(Steinley & Brusco, 2011). Furthermore, since ASD relatives also show some 
cognitive and behavioural ASD characteristics, they can also be included in 
these analyses.
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4. Future plans: Additional data collection and analyses
Throughout this chapter we have provided several directions for further 
research. In line with these directions, we have already conducted several 
additional studies during my PhD period. Although these studies are not fully 
????????????? ??????????????????????????????????????????????????????????????
to provide a total picture of the data that were collected. These data will be 
????????????????????????????????????????????????????????????????????????????
additional analyses that we plan to perform on the neurocognitive dataset 
that is described in this dissertation.
In what follows an overview is provided of three additional studies 
that were performed during my PhD project. First, I helped conducting 
a pilot twin study investigating the heritability of EF measures using the 
Behavior Rating Inventory of Executive Functions (Smidts & Huizinga, 2009) 
(corresponding with endophenotype criterion 3). This study resulted from 
a collaboration between LAuRes, the Centre for Human Genetics and the 
‘East-Flanders Twins Registry’ and was elaborated in a master thesis (Van 
Neyen & Vandeven, 2010). Second, as indicated previously (see Section 
2.6), endophenotypes can help to unravel biological pathways from genes 
to phenotype characteristics, since they are supposed to mediate the 
relationship between both. To gain insight into the association between brain 
functioning/structure and the cognitive (EF and local-global processing) and 
phenotypic characteristics of ASD individuals, we performed an fMRI and DTI 
study on a subsample of the ASD and TD children (N = 39) that previously 
participated in our cognitive study. These data were gathered in collaboration 
with dr. Bart Boets, Claudia Dillen and two master students. During the fMRI 
?????? ????????????????????????????? ??????????????????????????? ????????????????
of an endogenous and exogenous shift condition (a variant of the WCST-
WCTS, see Chapter 2), and (2) a task investigating the neural mechanisms of 
atypical visual perceptual organization in ASD (inspired by Evers et al., 2014; 
Machilsen, Novitskiy, Vancleef, & Wagemans, 2011; Mijovic et al., 2014). The 
data of both fMRI tasks are largely analysed and a manuscript of the second 
task is in preparation. The second task was already presented at a conference 
(Boets et al., 2014) and both fMRI studies were the subject of two master 
theses which I co-supervised (Van Bouwel, 2013; Vereecke, 2013). Finally, 
??? ?????????? ?? ?????? ??? ????? ?? ???????? ?????????????? ??????????? ?????
predicts that genetically distinct, more homogeneous ASD subgroups should 
???????????????????????????????????????????????????????????????????????
We therefore additionally administered the cognitive battery to 19 individuals 
??????????????????????????????????????????????????????????????????????
disorder caused by an autosomal dominant mutation in the NF1 gene. Since 
all individuals with ASD+NF1 have such an NF1 mutation and individuals 
????? ???? ????????? ????? ??? ????? ????? ??????? ???? ???????????? ?????????????
????????????????????????????????????????????????????????????????????????????
those cognitive characteristics that are related to the NF1 gene. Furthermore, 
all individuals with ASD+NF1 share the NF1 mutation, so cognitive measures 
???????????????????????????????????????????????????????????????????????????
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this group than in an ASD sample without NF1. This study was conducted 
in collaboration with the Centre for Human Genetics. Together with Ellen 
Plasschaert, we also administered the cognitive battery to individuals with 
NF1 without a clinical diagnosis of ASD (N = 23). Combined with our previous 
data, this resulted in a large sample of individuals with NF1 (N = 42). The 
cognitive performance of these individuals was compared with that of age- 
and gender-matched TD children and children with ASD (Plasschaert et al., 
submitted).
??????????????????????????????????????????????????????????????????????
that we plan to perform on the neurocognitive dataset that is described in this 
dissertation. Firstly, to investigate the familial aggregation of cognitive traits 
in families with ASD, we will calculate intraclass correlations between family 
members (see Section 2.2). Secondly, to gain more insight into the validity 
of the EF measures from our battery, we plan to investigate the correlations 
between these measures and will try to perform a factor analysis (see Section 
2.5.). However, a reliable factor analysis probably requires larger samples with 
a narrower age range. Finally, to reduce the cognitive heterogeneity between 
our participants we will delineate more homogeneous subgroups based on 
their neurocognitive performance (see Section 3.2.). This will be done by 
applying mixture modelling cluster analysis. This technique has already been 
successfully applied with samples of approximately 40 individuals (Eagle, 
Romanczyk, & Lenzenweger, 2010; Jansen et al., 2013) and may therefore 
also be suitable for our sample.
5. Implications for clinical practice
Neurocognitive tasks are often part of the clinical protocol for the 
????????????????????????????????????????????????????????????????????????
task is measuring and how task performance is related with phenotypic ASD 
characteristics. Some of the tasks used in clinical practice were also part 
of our neurocognitive research battery, namely the Rey-Osterrieth Complex 
Figure (Rey, 1941; Osterrieth, 1944), the Behavior Rating Inventory of 
??????????????????? ?????????????????????????????????????????????????? ????
Delis–Kaplan Executive Function System (Delis, Kaplan & Kramer, 2001), 
the Cambridge Neuropsychological Test Automated Battery (Cambridge 
Cognition, 1996), and the Wechsler Nonverbal Scale of Ability (Wechsler 
& Naglieri, 2008). By investigating the link between neurocognitive and 
phenotypic ASD characteristics, we provided some indications about which 
EF and local-global processing measures are most related to ASD and might 
be most sensitive to reveal atypicalities. However, the high degree of cognitive 
????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
design an intervention that is optimally adjusted to the individual’s needs 
(Teunisse et al., 2007; Tsatsanis, 2005). Furthermore, given the problematic 
construct validity of most neurocognitive measures, it is important to carefully 
?????????????????????????? ?????????????????????????????????????????????????????
that respect, it is always advised to seek convergent and divergent evidence, 
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??? ?????????????? ????????? ?????? ????? ???????? ???? ????? ???????? ???? ?????
convergence) in addition to ‘control’ tasks measuring other abilities (to look 
for divergence). Of course, this requires additional assessment time, which is 
often not available. 
Several of the instruments included in our cognitive battery might 
provide an added value to the clinical protocol (e.g., the WCST-WCTS, the 
Uses of Objects task and the Detail and Flexibility questionnaire). However, 
to be fully valuable for clinical practice, data of large normative samples are 
??????????????????? ???????????????????????????????????????????? ????????????????
tasks are actually measuring.
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